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In studying the dynamics of the heart beat, the 
relationship between electrical and mechanical events 
in the cardiac cycle has been of fundamental im- 
portance The basic concepts of this relationship 
have been defined by Lewis (1925) and Wiggers 
(1923) and their co-workers Sir Thomas Lewis 
provided indirect information on these events in the 
right auricle of man Animal experiments, supple- 
mented by such indirect information as could be 
obtained from venous and arterial pulse wave trac- 
ings, recording of heart sounds, etc , in man were 
used by Wiggers to anticipate the probable normal 
sequence of events in the cardiac cycle 

More precise information may now be obtained 
using the method of right heart catheterization 
With direct measurements from within the right 
heart chambers and pulmonary artery, coupled with 
peripheral arterial pulse wave and electrocardio- 
graphic recordings, the normal course of electrical 
and mechanical events may be more clearly defined 
in man and abnormalities in contraction and con- 
duction of the diseased heart may be further 
"lucidatcd 

The data thus obtained will supplement the results 
obtained by many other investigators and will be 
inalyscd and discussed in the light of their studies 


Method of Study 

In this study recordings of blood pressures in the 
auricle, \cntnclc, pulmonary artery, and brachial 
artery were made simultaneously with the electro- 
cardiogram The method of catheterization of the 
right heart, introduction of the indwelling arterial 


needle, and recording of pressures has been pre- 
viously described (Coumand and Ranges, 1941 , 
Coumand et al , 1944, and Bloomfield et al , 1946) 
In some instances a double lumen catheter was used 
(Coumand et al , 1945), permitting the simultaneous 
recording of pressures m the right auricle and ven- 
tricle or the right ventricle and pulmonary artery 
In order to obtain satisfactory records of these pres- 
sures, manometers of varying sensitivities were used 
Only the records that permitted the exact determina- 
tion of the onset of rise of pressure in the right heart 
or in the arteries were used The electrocardiograph 
was of the string galvanometer type and tracings 
were usually made on standard lead II The speed 
of the camera could be varied from 12 5 to 50 mm a 
second, permitting time intervals to be estimated 
correctly to within 0 010 sec It has been shown 
repeatedly that no parallax exists between the light 
beams of the manometers and the electrocardio- 
graph A method for determining the time lag m 
mechanical transmission of an impulse through the 
catheter at 37° C has been previously described 
(Coumand et al , 1946), and on repeated determina- 
tions was found to be 0 010 sec This applies to the 
initial pressure nse only In analysing the records, a 
correction was therefore made by subtracting 0 010 
sec from the measured values of the time intervals 
between the beginning of electrical and the beginning 
of mechanical events In the present state of record- 
ing blood pressures in the right heart it is possible 
to determine exactly the point at which an initial 
pressure rise takes place Because there is great un- 
certainty as to the accuracy of the records during the 
period of decline of pressure, analysis of the pressure 
curves during diastole was not attempted 


' ^1 n s u ra n ce^M c d icaHtcsca rch F und ^ *** Commonwca » h Fu " d ™‘h addit.onal aid from the L.f, 

t 1 rcnch Go\crnmcnt Research Fellow in Medicine 
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2 COBLENTZ, HARVEY, FERRER, COURNAND, AND RICHARDS 

The following measurements were made in analys- in man, “ the upstroke of P precedes the upstroke 
mg the records and the following symbols will be of ‘ a ’ m the human jugular curve by from 0 100 tn 
used m presenting the data 0 150 sec ” 


Beginning of the P wave of the electrocardiogram p 

Beginning of the Q wave of the electrocardiogram, or R, if Q is absent q 

Beginning of auricular systole, marked by an ascension of the intra auricular pressure wave 
near the end of the diastolic period 

Beginning of right ventricular systole, occurring at the end of diastole when the curve shows 5 
asteepnse 

Beginning of ejection in the pulmonary artery, marked by the nse of pressure in the artery, at 5 
the end of the descending diastolic curve PA $ 

Beginning of the systolic pressure nse in the brachial artery at the end of the descending 

diastolic curve DA 

Beginning of the systolic pressure nse in the femoral artery at the end of the descending S 
diastolic curve ' p^ s 


The material for study was selected by analysis of 
all the records that had been obtained in the course 
of several years from normal subjects, children with 
congenital heart disease, and a variety of patients 
with cardiac or pulmonary disease 

1 Relationship Between Electrical and Mecha- 
nical Events in Adults with Essentially 
Normal Circulation 

In Table I will be found the average figures 
relating electrical and mechanical events in subjects 
with essentially normal circulation Representative 
normal tracings are illustrated in Fig 1 and 3 
(a) The average time interval between the begin- 
ning of the P wave and the beginning of the auricular 
systole ( P-At ,) was 0 090 sec in 16 cases This 
interval is somewhat less than that of 0 110 sec, 
found previously in 8 adult subjects with normal 
hearts by Coumand et al (1946) Lewis (1925) has 
previously described the following relationship in 
dogs “ The upstroke of P precedes the curve of 
shortening in the right auricular appendage, in six 
dogs, by from 0 024 to 0 043 sec ” The above 
values are about one third of what was found in 
normal adults m this study Lewis also states that 


In order to evaluate the pulse wave velocity in the 
large veins, tracings were taken in some of the present 
studies as the catheter was progressively withdrawn 
from the right auricle to the axillary region Al 
though such tracings are few, figures indicate that 
the pulse wave velocity in the undistended large veins 
of normal man progresses at approximately 25 
metres a second Assuming an average distance of 
10 cm from the right auricle to the bulb of the nght 
jugular vein, approximately 0 040 sec should be 
added to figures obtained by the catheterization 
technique in order to compare them with Lewis’ 
figures in man 

(6) The average time interval between the begin 
rung of Q and the beginning of the right ventricular 
systole {Q-R V,) was 0 075 sec in 30 cases Lewis 
(1925) states that, “ the beginning of the initial 
ventricular deflection usually precedes the onset of 
ventricular contraction, as estimated from myo- 
cardtograms from the front of the ventricle w six 
dogs, by from 0 020 to 0 038 of a second ” Kahn 
et al (quoted by Wiggers, 1923), recording pressures 
by means of a needle in the nght ventricle of dogs 
simultaneously with an electrocardiogram, found 
that the tune interval from Q to the rise of pressure 


TABLE I 

Relationship Between Electrical and Mechanical Events in Adults with Essentially Normal 

Grculation 


Heart rate per minute 

Average of 30 cases 

80 

_ 

P-R interval sec 

Average of 30 cases 

0 160 

— 

QRS interval, sec 

Average of 30 cases 

0 080 

— 

O-BAs interval, sec 

Average of 30 cases 

0 160 

0 140-0 190 

P_At 5 interval, sec 

Average of 16 cases 

0 090 

0 050-0 120 

Q-RVj interval, sec 

Average of 30 cases 

0 075 

0 060-0 100 

Average of 15 cases* 

0 072 

— 

Q-PAj interval, sec. 

Average of 15 cases* 

0 085 

0 070-0 100 

End diastolic pressure w 

Right ventricle, mm Hg 

Average of 15 cases* 

30 

— 

Pulmonary artery, mm Hg 

Duration of isometnc contraction of nght ventricle, sec 

Average of 15 cases* 

8 0 

0 013 

0 010-0-020 


* The same 15 cases were used to obtain these values 
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Fig 1 —Record illustrating normal electncal- 
mcchanical time intervals in an adult subject 
From top to bottom, blood pressure tracings 
m the brachial artery (B A ) and the right 
atrium (R A ) and electrocardiogram lead IT 
P-At s = 0 080 sec Q-BA S = 0 1 60 sec 
In this and all other records the distance 
between vertical lines is equal to 0 040 sec 



_RA 



Fig 2. — Record illustrating electrical-mechanical events 
in a case with auricular premature contractions 
From top to bottom, blood pressure tracings in the 
brachial artery (B A ), the right atrium (R.A ), and 
electrocardiogram lead II P' and Q' correspond to 
the premature beat 


was from 0 031 to 0 035 sec Garten (quoted by 
Wiggcrs, 1923), using an electrical manometer, found 
approximately the same interval — 0 030 to 0 045 sec 
An analysis of a tracing of Wiggcrs (1928) shows the 
same interval to be 0 040 sec These figures in dogs 
arc about one half of the \alues found in man in the 
present stud} In an analysis of the time interval 
between the beginning of the electrical ventricular 
complex and the c wave in jugular tracings of man, 
Lew is states that the upstroke of R precedes the 
upstroke of c in the human jugular by from 0 100 
to 0 150 of a second ’ Miller and White (1941) 
found an identical \aluc for the Q-c interval in man 
Assuming that the c wa\c corresponds to the begin- 
ning of the mechanical contraction in the right 
ventricle and subtracting 0-040 sec for its transmis- 
sion to the jugular, the figures compare well with 
the Q-RY S time as measured directly 
(r) The average time interval between the begin- 


ning of Q and the beginning of the pulmonary artery 
systole (Q-PAg) was 0 085 sec Using this tune 
interval, it is possible to measure the duration of the 
isometric contraction of the right ventricle, 1 e the 
time required to raise the pressure from the end 
diastolic level m the right ventricle to the end 
diastohe level in the pulmonary artery This tune 
is calculated by subtracting the value of Q-RV s from 
Q-PA S In 15 cases where both right ventricle and 
pulmonary artery pressures have been measured, the 
value for this interval was 0 013 sec A tracing of 
simultaneous pulmonary artery and right ventricular 
pressures, taken with a double lumen catheter (Fig 
3), demonstrates the short duration (0-010 sec ) of 
the isometric contraction in a normal subject In 
the 15 cases studied, the average pressure values 
were, respectively, 3 mm Hg for the end diastolic 
pressure in the ventricle and 8 mm Hg for the end 
diastolic pressure in the pulmonary artery A period 
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From top to bottom, blood pressure tracings in the brachial artery (B A ), the 
pulmonary artery (P A ), the nght ventricle (R V ), and the electrocardiogram 
lead 11 The intracandiac blood pressure tracings were taken simultaneously 
with a double lumen catheter 

Note that the slope of the ascending pressure curves in the nght ventricle and 
pulmonary artery do not exactly coincide This may represent a genuine 
difference or be a manifestation of hysteresis in the recording Regardless 
of the interpretation given to this difference, it has no beanng upon the choice 
of the exact site of the initial nse m pressure 

Q-RVj = 0 080 sec Q-PA S = 0 090 sec Q-BA S = 0 1 60 sec 

The duration of isometric contraction is 0 010 sec 


of 0 013 sec was therefore necessary to raise the 
pressure m the nght ventncle 5 mm Hg above the 
initial level in order to open the pulmonary valves 
(d) The average time interval between the begin- 
ning of Q and the beginning of brachial artery systole 
(Q-BAs) was found to be 0 160 sec in 30 cases As- 
suming that the pulse wave velocity does not vary 
greatly, this time interval is probably valuable in 
assessing indirectly the duration of isometnc con- 
traction of the left ventncle By simultaneous 
registration of heart sounds, subclavian pulse, and 
the electrocardiogram in man, Wiggers (1944) 
estimated the duration of isometnc contraction in 
the left ventncle to be from 0 040 to 0 060 sec Katz 
and Fed (1923) found figures with a somewhat 
greater range, 0 024 to 0 089 sec With an average 
duration of isometnc contraction of the left ven- 
tncle of 0-050 sec , 0 110 sec would be required for 
the pulse wave to be transmitted to the brachial 
artery This corresponds approximately to a pulse 
wave velocity of 5 metres a second Previously 
published values for the time interval between the 


beginning of Q and the onset of pressure nse in the 
more proximal arteries will be found in Table II 

2 Relationship Between Electrical and Mecha 
nical Events in Children with Congenital 
Heart Disease 

In Table III will be found the average figures in 
children whose ages range from 5 months to 16 years 
On the whole, the intervals were shorter than in 
normal adults 

(a) The average P-A T, time interval was 0 060 sec 
m 16 cases In a previously reported case of a 
child 8 years of age with tetralogy of Fallot, a value 
of 0 055 sec was found, Coumand et al , 1946 
The question arose as to whether the P-AT, time 
vanes with the age of the subjects In general it 
was found that the younger the child the shorter the 
P-AT 5 time although the correlation did not appear 
to be extremely close In Fig 4 is illustrated the 
P-AT, time interval m a child of 3 In general, the 
nature of the congenital disease did not appear to 
exert a great influence on this time interval In two 
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TABLE II 

Previously Pubushed Values for the Time Interval Between the Beginning of Q and the Onset 

of Arterial Pressure Rise (in Seconds) 


Author 

Interval studied 

Range 

Average 

Nichol (1933) 

Wolferth eta! (1935) 

Katz et al (1935) 

Battro et al (1936) 

Castex et al (1941) 

Kossmann et al (1947) 

Present study (1948) 

Q to rise of pressure m subclavian artery 

Q to rise of pressure in carotid artery 

Q to rise of pressure in subclavian artery 

Q to rise of pressure in carotid artery 

Q to rise of pressure in carotid artery 

Q to rise of pressure in carotid artery 

Q to rise of pressure in brachial artery 

0 119-0 166 

0 090-0 150 

0 100-0 160 
0060-0 120 

0 080-0 160 

0 131-0 148 

0 140-0 190 

0 135 

0 111 

0 120 

0 120 

0 139 
0160 


TABLE III 

Relationship Between Electrical and Mechanical Events in Children wtth Congenital 

Heart Disease 


1 

Heart rate per minute 

1 

Average of 23 cases 

109 



PR interval, sec 

Average of 23 cases 

0 140 

— 

QRS interval, sec 

Average of 23 cases 

0060 

— 

Q-BA S interval, sec 

Average of 23 cases 

0 150 

0 140-0 190 

P-Atj interval, sec 

Average of 1 6 cases 

0 060 

0 030-0 090 

Q-RVs interval, sec 

Average of 23 cases 

0 058 

0 040-0 100 

Q-PA, interval, sec 

| Average of 12 cases* 
Average of 12 cases* 

0 056 

0 079 

0 050-0 110 

End diastolic pressure in 

Right ventricle, mm Hg 

Average of 12 cases* 

1 

50 



Pulmonary artery, mm Hg 

Duration of isometric contraction of right ventricle, sec 

1 Average of 12 cases* 

I 

18 0 

' 0 023 

0 010-0 030 


* The same 12 cases were used to obtain these values 



Fig 4 — Record illustrating electrical mechanical time intervals in a child of 3 years with 
congenital heart disease 

From top to bottom, blood pressure tracings in the right atnum and electro- 
cardiogram lead II The electrocardiographic standardization is 1 millivolt = 2 
centimetres 


cases of intcrauncular septal defect the P-AT S 
times in the right and in the left auricles were 
identical, i c 0 060 sec 

(b) The a\cmgc Q-R V, time mtcnal , extending 
from the initial deflection of the QRS complex to 
the beginning of the right \cntncular systole was 
0 058 sec in 23 cases No significant relationship 


could be found between this time interval and the 
nature of the defect or the age of the subject It is, 
however, important to note that in all types of con- 
genital defects, even in the cases with hypertrophy 
and dilatation of the right ventricle, the duration of 
Q-RV S was never greater than in normal adults 
In one case of inters entncular septal defect the 
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Q~V S time intervals were the same in the right and 
in the left ventricle, i e 0 070 sec (Fig 5) 

For lack of knowledge of the exact onset of the 
initial electrical deflection corresponding to activa- 
tion m each of the four separate chambers of the 
heart, no conclusion can be drawn from the figures 
given in this and the previous section as to the spread 
of excitation and beginning of contraction in each 
chamber 

(c) The average Q-PA t time internal was 0 079 sec 
m 12 cases The difference between this figure and 
the Q~RV S time interval in these 12 cases, repre- 
sented an average duration of isometric contraction 
in the right ventricle of 0 023 sec , with a range of 
0 010 to 0 030 sec Since the average pressure 
values at the end of diastole in the right ventricle 
and in the pulmonary artery were 5 mm Hg and 
18 mm Hg respectively, this time interval (0 023 
sec ) was required to raise the pressure in the right 
ventricle by 1 3 mm Hg This increase m the dura- 
tion of isometric contraction was therefore due to 
hypertension m the lesser circulation In a case of 
patent ductus arteriosus studied before and after 
ligation a change in the duration of isometric 


contraction was noted As seen m Table IV, 0030 
sec was required to raise the pressure in the nght 
ventricle 36 mm Hg before operation After 
ligation the duration of isometric contraction was 
reduced to 0 010 sec for a pressure rise m the nght 
ventricle from 1 to 5 mm Hg 
(d) The average Q~BA, time was 0 150 sec in 23 
cases This figure is almost identical with that found 
in adults, although the distance between the heart 
and the peripheral artery is obviously less If one 
assumes that the time of isometric contraction in the 
left ventricle is approximately the same in children 
as in adults, then the pulse wave velocity must be 
much slower in children This finding is not un 
expected because of the greater deformabihty of the 
arterial walls m young subjects 

3 Relationship Between Electrical and M echa 
nical Events in Adult Patients with Cardio- 
vascular Disease 

(a) Normal Sums Rhythm with no Conduction 
Abnormalities 

In Table V will be found the average figures 
relating electrical and mechanical events m a group 
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; Records illustrating electrical mechanical events in a case with interventricular 

eptal defect 

Upper row from top to bottom blood pressure tracings in the brachial artery US A ) 
nd the pulmonary artery (P A ) Lower row at left. Wood pressure tracing in the 
ight ventricle (R V ), at nght, blood pressure tracing in the left ventricle (L V ) 
inte that the tracings in the ventncles may show some evidence of overshooting 
!rv! = 0 070 sec Q-PAs = 0 080 sec Q-LV, = 0 070sec Q-BA S = 0 150 sec 
' r V = Right ventricle L V — Left ventncle 

All pressures in mm Hg Electrocardiogram, lead II 
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TABLE IV 

Relationship Between Electrical and Mechanical Events Before and After Ligation in a Case 
of Patent Ductus Arteriosus 


1 

Before ligation 1 After ligation 

Q-RVs interval, sec 

Q-PAs interval, sec 

Duration of isometric contraction of right ventricle, sec 

End diastolic pressure in 

Right ventricle, mm Hg 

Pulmonary artery, mm Hg 

I | 

0 060 0 050 

0 090 , 0 060 

0 030 j 0 010 

0 1 0 

36 0 5 0 


TABLE V 

Relationship Between Electrical and Mechanical Events in Adults with Cardiovascular Disease 


Heart rate per minute 

Average of 21 cases 

! 85 



PR interval, see 

Average of 21 cases 

[ 0 180 



QRS interval, see 

Average of 21 eases 

0 080 

— 

Q-BAs interval, see 

Average of 21 cases 

! 0 170 I 

0 140-0 210 

P-Ats interval, see 

Average of 21 cases 

1 0 083 

0 050-0 100 

With normal right heart pressures 



Q-RVs interval, see 

Average of 8 cases 

i 0 074 

I 0 070-0 090 

Q-PAs interval, sec 

Average of 8 cases 

1 0088 

1 0 080-0 110 

End diastolic pressure in 




Right ventricle, mm Hg 

Average of 8 cases 

1 30 

! — 

Pulmonary artery, mm Hg 

Average of 8 cases 

1 70 

■ — 

Duration of isometric contraction of right ventricle, see 

Average of 8 eases 

| 0014 

0 010-0 020 

With elevated right heart pressures 



Q-RVs interval, see 

Average of 13 eases | 

0 073 i 

0 060-0 090 

Q-PAs interval, see 

Average of 1 3 cases 

0 096 

0 080-0 120 

End diastolic pressure in 




Right ventricle, mm Hg 

Average of 1 3 cases 

70 

— 

Pulmonary artery, mm Hg 

Average of 13 cases 

32 0 | 

— 

Duration of isometric contraction of right ventricle see 

Average of 13 cases 

0 023 ! 

0 010-0 050 


of 21 patients with various types of cardiovascular 
disease including congenital, rheumatic, hyperten- 
sive, arteriosclerotic, and cor pulmonale 

In all these patients the P-At s , Q-RV S , and Q-BA S 
time intervals were approximately the same as in 
normal adults regardless of the presence or absence 
of cardiac failure 

The Q-PAj time interval studied in 8 eases of 
heart disease with normal right heart and pulmonary 
artcrj pressures (without evidence of congestive 
failure) was identical with the figure found in normal 
adults In 13 patients with elevated right heart and 
pulmonary artery pressures and evidence of conges- 
tive failure, the average Q-PA S time interval was 
slightly prolonged although the range did not differ 
greatly from the normals 

The average duration of the isometric contraction 
of the right ventricle in cardiacs with normal right 
heart pressures was 0 014 see , essentially a normal 
hgurc This interval was required to raise the pres- 


sure in the right ventricle from an average of 3 to 7 
mm Hg In the patients with congestive failure an 
average of 0 023 sec was required to raise the pres- 
sure from 7 to 32 mm Hg a difference of 25 mm 
This figure falls within the normal variation but the 
range was greater, and in some cases with hyperten- 
sion of the lesser circulation, isometric contraction 
was markedly prolonged As can be seen in Fig 10 
(see p 12), there appears to be a trend of correlation 
between the duration of isometric contraction of the 
right ventricle and the magnitude of the pressure 
difference between the end diastolic levels of the 
right ventricle and the pulmonary artery 

( b ) Abnormalities of Rhythm, Conduction , and 
Contraction (1) Auricular premature contractions 
Auricular premature beats were observed m three 
patients In two, pressures were recorded in the 
right auricle, and in the third in the right auncic and 
right ventricle A representative tracing is seen in 


8 


COBLENTZ, HARVEY , FERRER, COURN AND, AND RICHARDS 


Fig 2 (see p 3) There was no demonstrable 
difference in the P-At s , Q-RV,, and Q-BA S time 
intervals in the premature beat as compared to the 
sinus beat It should be noted that in all these 
cases the degree of prematurity was not marked 

(2) Ventricular premature contractions 
The data that form the basis of this analysis 
were accumulated at random It is therefore obvious 
that a systematic study, using more complete electro- 
cardiographic data (conventional and endocardial 
leads), is required to confirm and amplify the findings 
reported here In particular the problem of induced 
right ventricular premature contractions should be 
greatly clarified by a well planned study 
In this report emphasis will be placed only upon 
the following points (a) asynchromsm of the two 


ventricles, (b) nature and character of auricular 
events during the premature ventricular contractions, 
(c) relationship between premature contraction and 
arterial systolic rise 

(a) Ventricular asynchromsm and its relationship to 
the site of origin of the premature ventricular con- 
tractions The type of ventricular asynchromsm 
produced by premature ventricular contractions can 
be identified by examination of mechanical events 
recorded simultaneously on both sides of the heart 
A prolongation of the Q-RV S time alone suggests a 
delay in contraction of the right ventricle, while 
prolongation of the Q-BA S time points to a delay m 
left ventricular contraction 

However, in order to compare the Q-BA, time 
interval of the normal beat and the premature con 
traction, it was necessary to read the Q-BA t times 
at the same pressure levels Since the diastolic 



Fig 6 —Record illustrating electrical-mechanical events in a case with ventricular prem 

Frorn n top C to 0 bottom, blood pressure tracings in the brachial artery (B A ) the right 
ventricle (R V ), and electrocardiogram lead II Q and Q correspond to premature 

SSOTho* Q-RV s = 0 060 sec Q -BA S = 0 210 sec Q -RV. = 0 060 sec 
v s Q-Q = 0 44 sec Q-Q = 0 38 sec 

Note that Q ts not followed by demonstrable pulse wave in the brachial artery 
and corresponds to a low pressure rise in the right ventricle 



ELECTRICAL AND MECHANICAL EVENTS IN THE CARDIAC CYCLE OF MAN 9 


pressure in the aorta will be higher the earlier the 
premature contraction, it was arbitrarily decided 
to read the Q-BA S time for the normal beat at the 
initial pressure level of the premature beat 

The majority of ventricular premature beats 
studied, showed as the striking characteristic, a 
lengthening of the Q-BA S time (average of 9 cases, 
0 227 sec , range 0 1 80 to 0 270 sec ) while the Q-RV S 
time remained normal (average of 9 cases, 0 074 sec , 
range 0 060 to 0 1 00 sec ) An illustrative example is 
shown m Fig 6 

However, in one patient m whom numerous pre- 
mature beats were observed, the Q-BA S time inter- 
vals in the sinus and premature beats were respectively 
0 140 and 0 150 sec In contrast, the Q-RV S time 
of the sinus beats varied from 0 060 to 0 070 sec 
while the Q RV S times of the premature beats were 
0-070 to 0 100 sec 

In summary, the ventricular asynchronism found 
suggests that there was a delay in left ventricular con- 
traction in the first group of 9 patients, whereas in 
one case the observations point to a delay in right 
ventricular contraction Whether the delay was due 
to abnormalities of contraction or spread of excita- 
tion or both, is a matter of conjecture 

The relationship between the type of ventricular 
asynchronism and the site of origin of the ventricular 
premature beats is of considerable interest In the 
first group of 9 patients the site of origin of most of 
these spontaneous premature contractions could not 
be identified since the majority of pressure recordings 


were made simultaneously with lead II of the electro- 
cardiograph However, the type of ventricular 
asynchronism suggests a right ventricular origin for 
these beats 

In the single patient previously discussed, the type 
of ventricular asynchronism suggests a left ventricular 
origin for all the premature beats However, the 
successive premature contractions as recorded on 
lead I were of such different electrical configurations 
as to suggest both right and left ventricular origins 
In addition, in a second case a similar situation was 
found In this instance two isolated premature 
beats with QRS deflections in opposite directions 
were recorded in lead I (Fig 7) It is seen that while 
the normal beat shows a Q-RV S tune interval of 
0 070 sec the same interval measures 0 170 sec in 
the first premature beat and 0 150 sec m the second 
There was no pressure wave in the brachial artery 
tracing corresponding to the ectopic beats, indicating 
absence of ejection into the aorta and, therefore, no 
information as to the events in the left ventricle 
could be obtained 

It is obvious from the two cases just cited that it 
is difficult to interpret the relationship between 
electrical configuration of the premature contrac- 
tions and the mechanical events, since different 
electrical patterns gave the same type of ventricular 
asynchronism 

In the only investigations so far reported in man 
relating to this type of asynchronism, Castex, Battro, 
and Gonzales (1941) have shown that in premature 



Fio 7 —Records illustrating electrical mechanical events in a case with ventricular premature 
contractions characterized by different electrical patterns 

(D F . r ,°, m to P l ,° to" 0 ™- blood pressure tracings m the brachial artery (B A ), the right \entncle 
(R V ) and electrocardiogram lead I 

bWi' l ]nH lcCl I C if lrd ' 0B, i l ' n 10 thc neht an S wa ' e has appeared indicating right bundle branch 
' d uccd b > quinidinc Ventricular tracings show many artifacts but the early ssstohe 
pressure rise can be denned 
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beats there is a very significant increase m the time 
interval between the onset of the QRS complex and 
the beginning of pressure rise in the subclavian 
artery In 76 normal subjects the time interval 
averaged 0 120 sec , while m 10 cases of right ven- 
tricular premature contractions, it averaged 0 220 
sec An unexpected finding was the prolongation 
of the time interval between Q and the pressure rise 
in the subclavian artery in 1 3 cases of left ventricular 
premature contractions 

( b ) Nature and character of auricular events during 
the premature ventricular contractions In 6 cases 
of ventricular premature beats, tracings of right 
auricular pressure waves showed a rise in pressure, 
A', occurring during and immediately following 
ectopic ventricular complexes This is in contrast 
to the usual drop in pressure accompanying the 
descent of the base at the onset of ventricular systole 
Examples of such tracings are seen in Fig 8 and 9 
The question arises as to whether these pressure 
waves, A', were related to tricuspid insufficiency, 
bulging of the valve during ventricular isometric 
contraction, or to auricular systole of sinus or retro- 
grade origin In some instances a P wave could be 
detected in the S-T segment of the premature beats 
These P waves preceded by the usual P-AT S time 
interval, the auricular pressure rise, A' In other 
instances no auricular deflection could be identified 
within the QRS complex or S-T segment In both 
instances the time interval separating the previous 
auricular systole and A' was identical with the distance 


between the normal auricular systoles regardless of 
the time at which the ventricular premature con 
traction appeared This indicates that A' m these 
instances is the result of a normal auricular systole 
These findings are in agreement with observations 
of Lewis (1925) on premature beats as illustrated in 
his monograph (Fig 182, page 212) In summary 
it can be assumed that even when a premature ven 
tncular beat occurs, the spread of stimulation from 
the sinus node may take place undisturbed and 
initiate a normal auricular contraction 

(c) Relationship between ventricular ejection and 
degree of prematurity It is a clinically established 
fact that some premature beats are followed by 
ejection of blood into the aorta, while some are not 
With simultaneous recordings of the electrocardio- 
gram and pulse waves in brachial artery and pul 
monary artery, it is possible to obtain information 
concerning the shortest time interval between a 
normal sinus and a premature beat (Q-Q interval) 
that gives rise to ejection of blood from the right 
and left ventricles, and the relation between this tune 
interval and the heart rate Table VI and Fig 11 
give data obtained m 9 patients concerning these 
problems All the tracings showed several prema 
ture contractions occurring at various intervals after 
the sinus beats In three of these cases pulmonary 
artery tracings were also available It is seen that 
the shortest time interval between a sinus beat and 
a premature beat followed by left or right ventricular 
ejection varied with the rate and ranged between 



Fig g Record illustrating electrical mechanical events in the atrium in a case uith ventncular prem- 
ature contractions > 

From top to bottom blood pressure tracings in the brachial artery (B A ), nght atrium (K A ) 
and electrocardiogram lead II 

Note that the interval A~A is equal to the normal auricular cycle time indicating that the sinus 
rhythm is undisturbed by premature contractions 
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"Fig 9 — Record illustrating electrical-mechanical events m a case with ventricular premature 
contractions 

From top to bottom, blood pressure tracings from the right atrium (R.A ), the femoral 
artery (F A ), the right ventricle (R V ), and electrocardiogram lead II For discussion see text 
The blood pressure tracings in the right atrium and right ventricle were taken with a double 
lumen catheter 

Note that the brachial artery tracing shows left ventncular output following the premature 
contraction and that the corresponding right ventncular pressure curve starts dunng isometric 
relaxation This is strong evidence in favour of the presence of residual blood at the time of 
the premature contraction 

F A = Femoral artery R V = Right ventncle R A = Right auncle Electrocardiogram, 
lead II A-C-V waves marked on R Aur All pressures in mm Hg 


TABLE VI 

Relationship Between Heart Rate and the Minimum Ejection Time in the Brachial and Pulmonary 
Arteries in Nine Cases with Ventricular Premature Beats 


Case 

no 

1 

Duration of the normal 
cycle sec 

Heart rate 
per minute 

Shortest Q-Q * interval followed by ejection in the 

Brachial artery, sec 

1 Pulmonary artery sec 

! 

317 

\ 

0 460 

130 | 

0 340 

0 340 

315 

0 540 | 

111 

0 400 



348 

0 680 

88 

0 440 

0 440 

345 

0 720 

83 1 

0410 



316 

0 760 

79 

0510 

0 480 

350 

0 780 

78 

0 480 


306 

0 780 

78 

0 450 


313 

0 920 

65 

0 500 



320 

1 040 

58 1 

1 

0 640 

— 


n „A^, interval is the lime interval between the beginning of the QRSof the sinus beat and the beginning of the 
tJKN ot the ventricular premature beat 


0 340 see at 130 beats a minute and 0 640 sec at 58 
beats a minute The remarkable straight line 
rclitionship of all intermediate points is well illus- 
trated in the graph (Fig II) 

In summary at a rapid rate an early premature 
beat was followed by ejection of blood into the aorta 


and pulmonary artery , whereas, at a slower rate, a 
ventncular contraction with the same degree of 
prematurity did not produce a pressure rise in the 
arterial tracings These observations can best be 
explained by the more rapid early diastolic filling of 
the heart at faster rates 
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Fig 10 — Correlation between the duration of 
isometric contraction and the corresponding 
pressure rise m the right ventricle in thirteen 
subjects including normal cases and cases 
with cardiac failure The vertical scale 
shows the end diastolic pressure difference 
between the right ventricle and the pulmonary 
artery The horizontal scale shows the 
isometric contraction time in seconds For 
discussion see text 


Fig 1 1 — Correlation between heart rate and the shortest 
time interval between a normal beat and a premature 
contraction resulting in ejection of blood into the 
aorta or pulmonary artery The horizontal scale 
shows the Q Q interval in seconds the vertical 
scale shows the duration of the normal cycle in 
seconds 


(3) Auricular Fibrillation 

A study of the relationship between cycle length 
and Q-RV S and Q-BA 3 time intervals was made in 
three cases of arteriosclerotic heart disease with 
chronic auricular fibrillation Significant variations 
as large as 0 070 sec were found m the Q-RY S and 
Q-BAj intervals of successive beats, although the 
QRS complexes had essentially the same configura- 
tion and duration No constant relationship was 
found between cycle length and these variations in 
the electrical-mechanical time intervals In addition, 
the Q-RV S and Q-BA S intervals of the same beat 
did not vary to the same degree, as illustrated in 
Fig 12 These findings suggest that, besides the 
complete arrhythmia, disturbances of the con- 
traction mechanism of both ventricles were present 

(4) Auricular Flutter 

Two cases of auricular flutter were studied In 
one of the cases observations were made on the 
P-ATj time during a period with pure flutter and a 
4 1 A-V response The electrocardiogram and 
right auricular tracings are shown m Fig 13 and 
demonstrate the regular sequence of electrical and 
mechanical events The duration of the P-AT S time 
of each auricular systole was 0 070 sec , a figure 
slightly lower than the normal mean, but within the 


normal range of variation In this and a second case, 
varying degrees of block were also observed Pres 
sure tracings in the right auricle, right ventricle, and 
brachial artery were recorded and are illustrated in 
Fig 14 It is seen that the 3 1 cycle with its longer 
ventricular diastolic filling period was followed by 
a larger pressure nse in the brachial artery and ngbt 
ventricle than was the 2 1 cycle with its shorter 
filling period The auricular pressure tracings were 
not influenced by the degree of block, while the 
brachial artery and right ventricular pressures were 
dependent on the time at w i the QRS fell in 
relation to isometnc relaxatioi 'n addition, it was 
found that the Q-BA S time o -ak beat was 

longer by 0 020 sec than the ^ s time of the 
strong beat, if both beats were read at the same pres 
sure levels This suggests that the duration of iso- 
metnc contraction was prolonged following poor 
filling of the ventricles Similar observations regard 
ing the influence of the varying A-V response upon 
the brachial artery pressure are seen in Fig 15 which 
illustrates a case of auncular flutter with successive 
3 1, 2 I, I 1 A-V ratio 

(5) Heart Block 

Nine cases with different types of heart block were 
studied , two cases of complete heart block with idio- 
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Fig 12 — Record illustrating electrical mechanical events m a case of auricular fibrillation 

From top to bottom, blood pressure tracings m the brachial artery (BA), right ventricle 
(R V ), and electrocardiogram lead II 

In the three beats indicated by arrows the successive Q-RV S and Q-BA S times were first 
beat, Q-RV S = 0 110 sec and Q-BA$ = 0 190 sec , second beat, Q-RV S = 0 1 10 sec and 
Q-BAs not measurable third beat, Q-RV S = 0 070 sec and Q-BA S = 0 170 sec 


A AAA A AAA A 





Fig 13 — Auricular flutter Record illustrating electrical mechanical events in a case with 
a 4 1 A V response 

From top to bottom, right atrial blood pressure tracings and electrocardiogram 
lead II For discussion see text 


ventricular rhythm originating in the His bundle, 
one case of incomplete A-V heart block, two cases 
ofleft bundle branch block, two cases of right bundle 
branch block, and two cases of right bundle branch 
block with 2 1 A-V heart block, one of which 
showed runs of complete heart block 


(a) Complete heart block The two cases with 
complete heart block had P waves and QRS com- 
plexes of normal duration The data relating to the 
duration of the time intervals between electrical and 
mechanical events will be found in Table VII As 
was to be expected, the P-AT S , the Q-RV S , and the 
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Fig 14 — Auricular flutter Record illustrating electrical mechanical events in a case with 
3 1,21 A-V response 

From top to bottom, blood pressure tracings m the brachial artery (BA) the right 
atrium (R A ), the right ventricle (R V ), and electrocardiogram lead IT 



Fig 15— Auricular flutter Record illustrating electrical-mechanical 
events in a case with 3 1,2 I, I I A-V ratio 
From top to bottom, blood pressure tracings in the brachial artery 
(BA), the right atrium (R A ), and electrocardiogram lead II For 
discussion see text 
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TABLE VII 


Relationship Between Electrical and Mechanical Events in Two Cases of Complete Heart Block 


| Case 254 

Case 341 


94 

86 

Auncular rate per minute 

33 1 

33 

Ventncular rate per minute 

0-080 

0-090 

QRS interval, sec 

0-090 

0 090 

P-Ats interval, sec 

0 070 

0-070 

Q-RV S interval, sec 

0 140 

0 150 

Q-BAs interval, sec 




Fig 16 — Record illustrating electrical-mechanical events in a case with 
left bundle branch block 

To the left are the standard leads of the electrocardiogram 
demonstrating left bundle branch block Pnecordial leads showed 
delayed peak of R in V5 and V6 To the right, from top to 
bottom are blood pressure tracings in the brachial artery (B A ), 
the right ventricle (R V ) and electrocardiogram lead IT For tune 
intervals see Table VIII, Case 416, and for discussion see text 


Q-BAj times were normal There was, therefore, 
no delay and no asynchronism in the pressure build- 
up of cither ventricle A characteristic tracing of 
pressure in the right auricle may be seen in Fig 17 
The staking feature was the regular sequence of 
auricular systoles which occurred at various times 
in relation to the ventricular cycles It is seen that 
the characteristic drop of auricular pressure during 
ventricular ejection took place at the expected time 
after the QRS complex The height of the A wave 


corresponding to auncular systole was variable, 
depending on whether or not the ventricle was m 
systole or diastole, i e the tncuspid valve was opened 
or closed, the largest deflection occurring when the 
tncuspid valve was closed (See the first and the 
last A in lower section of Fig 17) In the few 
instances where a P wave fell approximately 0 12 to 
0 20 sec before the QRS complex, the auncular pres- 
sure tracing showed the characteristic deflection of 
an a wave followed by a c wave preceding the descent 
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COMPLETE HEART BLOCK 



Fig 17 — Complete heart block Records illustrating electrical-mechanical events in such 
a case 

In the upper section from top to bottom, blood pressure tracings in the brachial 
artery (B A ), the right atrium (R A ) and electrocardiogram lead IT In the lower 
section, blood pressure tracings in the right atnum (R A ) and electrocardiogram 
lead II 


of the base (See the third A from the left in lower 
section of Fig 17) 

(6) Incomplete A-V heart block Incomplete A-V 
heart block with prolongation of the PR interval 
was observed in a patient with generalized sclero- 
derma involving the heart and lungs (Fig 18) The 
duration of the P wave was normal and the P-R 
interval was prolonged to 0 25 sec The P-AT S 
time was lengthened to 0 16 sec , whereas the Q-RV, 
and Q-BAj times were normal, 0 08 sec and 0 14 to 
0 1 6 sec respectively The lengthening of the P-AT S 
time suggests that there was abnormality m con- 
traction of the auricle and apparently no difficulty 
m conduction within the auricular muscle as 


evidenced by the normal width of the P wave In a 
previous publication, Coumand et al (1946), the 
prolonged Q-RVj time reported was incorrect as 
subsequent examination revealed the portion of the 
tracing read to be damped 

(c) Bundle branch block Ventricular asynchrort- 
lsm m the presence of bundle branch block has been 
demonstrated by several authors, using the peripheral 
arterial pulse wave or stethogram recorded simul 
taneously with the electrocardiogram More com 
plete data pertaining to this type of asynchronism 
can be added by comparison of the Q-RV, and 
Q-BA S times, since the former gives direct informa 
tion concerning contraction of the right ventricle and 


Fig 18— Record illustrating electrical-mechanical events in a case with incomplete 
A-V block (prolonged P-R interval) associated with generalized scleroderma 
involving the heart and lungs In the section to the left, from top to bottom, 
pneumogram, blood pressure tracings from the brachial artery (B A ), the right 
atrium (R A ), and electrocardiogram lead II In the section to the right, 
pneumogram, blood pressure tracings from the brachial artery (B A ), the right 
ventricle (R V ), and electrocardiogram lead II For discussion see text 

the latter indirect information concerning left ventricular asynchromsm expected with left bundle 
ventricular contraction branch block 

( 1 ) Left bundle branch block Three patients with (u) Right bundle branch block In two cases, 
hypertensive and arteriosclerotic heart disease, con- right bundle branch block was induced following the 
gestive heart failure, and left bundle branch block oral administration of 0 80 g of qumidme sulphate 
were studied and the data is presented m Table VIII The electrocardiogram and blood pressure tracings, 
and one case (416) is illustrated in Fig 16 The therefore, could be compared before and after the 
time intervals in the three cases suggest a normal appearance of the bundle branch block The data 
contraction time of the right ventricle and delayed may be found in Table IX In the first case, a 21 
contraction of the left ventricle, consistent with the year old girl with an interventricular septal defect, 

TABLE VIII 

RrLATioNSHir Between Electrical and Mechanical Events in Three Cases of Left Bundle Branch 

Bi 


Case 306* j Case 261 \ Case 416 


QRS interval sec 

0 120 ! 

0 160 

0 120 

0-RVs interval, see 

0-070 ! 

0 090 

0 090 

Q-BAj interval sec 

, 

0 220 

0 240 

Q-rAj interval, sec 

j 0 200 1 and 0 230t J 



* A case with pulsus altcmans. 




t T\mc interval variation corresponding to strong and weak beats of pulsus altemans (see text) 
c 
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TABLE IX 

Relationship Between Electrical and Mechanical Events in Right Bundle Branch Block 
Right Bundle Branch Block induced bv Quimdim 


1 

Case 333 

Case 351 

Control 

R B B B1 

Control 

RBBBI 

QRS interval, sec | 

0 060 

0 120 1 

0 105 1 

0 170 

Q-RV$ interval, sec 

0 070 

0110 

0 070 

j o no 

Q-BA s interval, sec 

0 170 

i 

0190 , 

1 0190 


Right Bundle Branch Block in Cases with Arteriosclerotic Heart Disease and Cor Pulmonale (Case 440) and with 2 1 

A-V Block (Cases 302 and 268) 



Case 440 

Case 302 

1 Case 268 

QRS interval, sec 

0 140 

0 160 

0170 

Q-RV S interval, sec 

0 130 

0 120 

| 0105 

Q-PA S Interval, sec 

0150 



Q-BAs interval, sec 

0 330 

0170 

0240 


the control tracings showed normal electrical com- 
plexes and time intervals After quinidine, a nght 
bundle branch block developed and the normal 
Q-RV, time of 0 070 sec was prolonged to 0 110 
sec In the second case, a 60 year old man with 
arteriosclerosis and an old myocardial infarct, the 
control electrocardiogram showed evidence of myo- 
cardial damage and early incomplete bundle branch 
block, characterized by a QRS of 0 105 sec in lead II 
and a delayed peak of the R wave over the left 
prrecordium Before administration of quinidine, 
the Q-RV, time was normal but the Q-BA S time was 
slightly prolonged, confirming the electrocardio- 
graphic diagnosis of early incomplete left bundle 
branch block After quinidine, an S wave appeared 
in lead I and the QRS complex increased in that lead 
to 0 120 sec The Q-BA S time remained unchanged 
but the Q-RV S time increased from 0 070 sec to 
0 110 sec (Fig 7) In Fig 19 (Table IX, Case 440) 
is illustrated an additional case of right bundle 
branch block observed in a patient with arterio- 
sclerotic heart disease and cor pulmonale, in which 
a markedly prolonged Q-RV, time is seen 
In summary, mtracardiac and mtra-artenal blood 
pressure tracings recorded simultaneously with the 
electrocardiogram demonstrated clearly the presence 
of ventricular asynchromsm m bundle branch block 
These findings confirm and add to the observations 
of various authors (Castex et al , 1941 , Battro et al , 
1936, Katz et a!, 1927 and 1935, Kossman et a!, 
1947, Nichol, 1933, and Wolferth et al , 1935) who 
have studied mechanical and electrical relationships 
in bundle branch block Vanous types of simul- 
taneous tracings were employed by these authors 


and include electrocardiograms, peripheral artery 
blood pressure tracings, and in a few instances stetho- 
grams, phlebograms, and apical cardiograms They 
found that in left bundle branch block there was a 
prolongation of the “ ejection time ” which corre 
sponded to the prolongation of the Q-BA S time 
found m the present study In right bundle branch 
block the “ejection time” remained essentially 
normal Data concerning the events in the right 
ventricle was obtained by indirect means and is 
subject to interpretation 

(d) Right bundle branch block with incomplete 2 1 
A-V block In 2 patients a 2 1 A -V block was 
associated with right bundle branch block In 
addition, one of these patients had short periods of 
complete heart block The data m these two cases 
may be found in Table IX In the first case the 
duration of the QRS complex was 0 160 sec, the 
ventricular complexes were of the aberrant type with 
downward deflection in lead I and upward deflection 
in lead HI, suggesting that the stimulation arrived 
first m the left ventricle The Q-RV S time was 
significantly prolonged to 0 120 sec while the Q-BA S 
tune was normal (0 3 70 sec ) 

In the second case (Fig 20 and 21 and Table IX, 
Case 268) during the periods of incomplete 2 1 
heart block the P-R interval was markedly prolonged 
to 0 310 sec The Q-RVj and Q-BA S times were 
both lengthened to 0 105 and 0 240 sec , respectively 
During the period of complete heart block 'nth an 
auricular rate of 71 and a ventricular rate of 27, the 
ventncular complexes were of the same aberrant 
configuration and the same duration, again with 
downward deflection m lead I, upward in lead III 
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Fig 19 — Records illustrating electrical-mechanical events m a case with right bundle branch block. 
To the right, are the standard leads of the electrocardiogram demonstrating right bundle branch 
block In the centre, are blood pressure tracings in the brachial artery (B A.), the right ventricle 
(R V ), and electrocardiogram lead II To the left, are blood pressure tracings in the brachial 
artery (B A ), the pulmonary artery (P A ), and electrocardiogram lead II 
Note, as in Fig 3, the ascending slopes of the right ventricle and pulmonary artery do not 
coincide For figures see Table IX, Case 440 For discussion see text 



He 20 —Records illustrating electrical mechanical events in a case with right bundle branch 
block and 2 1 A-V block 

Trom top to bottom, blood pressure tracings in the brachial artery (B A ) the right 
atrium (R A ), and electrocardiogram lead II 
For data sec Table IX, Case 268, and for discussion see text 
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Fio 21 — Records illustrating electrical-mechanical events in a case with right bundle branch block 
and 2 1 A-V block. 

From top to bottom, blood pressure tracings in the brachial artery (BA), the right 
ventricle (R V ), and electrocardiogram lead II 
For data see Table IX, Case 268, and for discussion see text 


This suggests that ventricular depolarization was the 
same as during incomplete A-V block, and that the 
idioventricular focus was probably in the His bundle 
The Q-RV, and Q-BA S tune intervals were un- 
changed During both complete and incomplete 
A-V block the duration of P-AT S tune was short 
(0 050 sec ), see Fig 20, indicating no abnormality of 
auricular contraction, in contrast to the findings in 
the case with incomplete A-V block previously 
described 

These two patients are of particular interest be- 
cause during a period of 2 I block with right bundle 
branch block the electrocardiographic patterns were 
identical In the first case there was a delay in right 
ventricular contraction, whereas in the second case 
slow spread of stimulation or delay in contraction 
existed in both ventricles 

(6) Pulsus Alter nans 

One case of hypertensive and arteriosclerotic 
heart disease with left bundle branch block showed 


evidence of pulsus altemans of the mechanical type 
The findings in this case (306) are illustrated m Fig. 
22 and the data listed in Tables VIII and X In the 
femoral artery tracings there was a variation in the 
systolic peak which occurred m a regular manner 
and may be interpreted as a succession of strong 
and weak beats In contrast there was a steady 
level of the systolic peaks in the right ventncle 
There was no evidence in the electrocardiogram of 
electrical alternation The duration of the QRS 
complex in alternate beats remained the same and 
the Q-RVj time also did not vary The striking 
abnormality was the rhythmic variation of the Q-BAj 
time This interval was shorter for the beat com 
spondmg to the high systolic peak and longer for the 
beat corresponding to the lower systolic peak 
These variations in pressure as well as the vanations 
m the Q-BA S time, occurring rhythmically without 
any vanation in the duration of the QRS complex, 
suggest a less efficient ventricular contraction every 
other beat However, it is not possible to eliminate 


TABLE X 

Relationship Between Electrical and Mechanical Events in Patient with Pulsus Alternans 

(Case 306 ) 



Strong beat 

Weak beat 

QRS interval, sec 

Q-RV S interval, sec 

0 120 

0-070 

0 200 

0120 

0 070 

0 230 

Q-FAt interval, sec 
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Fig 22 — Pulsus altemans Records illustrating electrical-mechanical events in such a case 
From top to bottom, blood pressure tracings m the femoral artery, the right ventricle, 
and electrocardiogram lead n No I corresponds to the strong beat and No 2 to 
the weak beat 

Note absence of alternation of pressure m right ventncle For data see Tables 
VET and X, Case 306, and for discussion see text 

FA = Femoral artery R V = Right ventricle All pressures in mm Hg 
Electrocardiogram, lead II 


as a factor rhythmic variation of peripheral vascular 
tone of reflex origin, which would ultimately influence 
the curve of blood ejection from the left ventricle 
into the aorta and the pulse wave velocity 

Summary and Conclusions 
The relationship between electrical and mechanical 
events in the cardiac cycle was studied in normal 
subjects, in children with congenital heart disease, 
and in adults with cardiovascular disease 
In children the intervals were shorter than those 
of normal adults The prolongation of the isometric 
contraction of the right ventricle m children with 
congenital heart disease seemed to be dependent upon 
hypertension of the lesser circulation 
In adults with heart disease who had normal sinus 
rhythm and no conduction abnormalities, the time 
intervals were identical with those found m normal 
adults unless they were m congestive failure with 
hypertension of the lesser circulation In this event 
the Q-PAj time interval was slightly prolonged and 
the duration of isometric contraction of the right 
ventricle was also longer than normal 
Abnormalities of rhythm, conduction, and con- 
traction encountered in patients with cardiovascular 
disease were also analysed and the following points 
deserve emphasis 

(o) Ventricular premature contractions apparently 
produce two types of asynchromsm with a lag m one 


or the other ventricle It is difficult to interpret the 
relationship between electrical configuration of the 
premature contractions and the mechanical events, 
since premature beats with electrocardiographic 
patterns identifying them as arising from opposite 
ventricles produced the same type of ventricular 
asynchromsm 

( b ) In chronic auricular fibrillation, in addition to 
the complete arrhythmia, disturbances of the con- 
traction mechanism of both ventricles were present 

(c) In auricular flutter the time intervals remained 
constant and normal during pure flutter with a 
constant A-V ratio Minor variations m the Q-RV S 
and Q-BA S intervals as well as variations in right 
ventricular and brachial artery systolic pressures 
were found when the degree of block varied 

( d) In cases of complete heart block with bundle 
of His ventricular rhythm the auricular and ven- 
tricular electrical-mechanical intervals remained nor- 
mal even though the conduction defect consisted of 
complete A-V dissociation In uncomplicated bundle 
branch block ventricular asynchromsm of the ex- 
pected type was found However, in one patient 
with both incomplete 2 1 A-V block and right 
bundle branch block there was a delay in onset of 
the mechanical systole in both ventricles 

Acknowledgment is made of the assistance of H L 
Motley, D T Dresdale, H M Werner, and A Himmel- 
stem, in the recording of blood pressure tracings 
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R WAVES INTERRUPTING T WAVES 
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F H SMIRK 

From the Department of Medicine, Unnersit) of Otago, New Zealand 
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In the course of some experiments on anesthe- 
tized dogs and cats concerned with the production 
experimentally of ventricular flutter and ventricular 
fibrillation, Fastier and Smirk (1948) noted that R 
waves sometimes appeared on the descent of the 
antecedent T waves, shortly before the onset of ven- 
tricular flutter The flutter was induced by a sub- 
stance amarin * which had been found by one of us 
(F H S ) to alter the response of the animals to 
adrenaline so that a moderate dose of adrenaline, 
ordinarily well tolerated, would now give rise to 
ventricular flutter 

These observations led me to seek more closely 
for such phenomena in human electrocardiograms 
The present paper concerns 17 patients in whom R 
waves have been observed on the T waves of ante- 
cedent complexes It seems that interruptions of 
T waves by R waves are not very uncommon, are 
likely to prove important prognostically, and seem 
to provide an indication for treatment 

Little has been written on this subject either from 
the experimental or from the clinical standpoint, 
and such information as is available may be un- 
familiar to some of the authors who have published 
records without commenting upon the phenomenon 
The first reference I was able to discover to the 
occurrence of an R wave on a T wave was in a foot- 
note by Katz (1928) in the course of his compre- 
hensive review on the T wave Katz mentioned 
here that an example of an R wave on a T wave has 
been observed by Dr Ashman, three examples by 
Drs Fed and Sctgcl, and three by himself He 
mentioned that the only published record was by 
Wcnkcbach and Wintcrbcrg (1927) and that Wiggers 
had seen it in dogs I have been unable to find any 
record or subsequent reports on the finding of R 
waves on the T waves with the exception of Scherf 

* C,Hj— CH — NH X 
| \ 

C»H t — CH 


and Boyd (1940) and of Ashman and Hull (1941) 
m them books on electrocardiography, they confine 
themselves to the statement that an R wave may 
encroach on the descent of the T wave 
The published electrocardiograms show many 
examples in which R waves appear to arise on the 
descent of T waves but, with the exception referred 
to above, I have found so far no corresponding 
comment by the authors 

Theoretically R waves might occur superimposed 
upon T waves in several ways Most of these 
theoretical possibilities have been given practical 
illustration in the 17 cases here reported 

(1) A ventricular complex of supraventricular 
origin could be interrupted by another ventricular 
complex of supraventricular origin (Cases 3, 4, 13, 

14, 15, 16, Fig 3 and 9) This might occur m 
auricular paroxysmal tachycardia m auricular 
fibrillation (Fig 3 and 9), in auricular flutter, and 
possibly with very premature auricular systoles 

(2) A ventricular complex of supraventricular 
origin could be interrupted by a premature ventri- 
cular complex (Cases 1, 4, 5, 6, 7, 8, 9, 10, 11, 12, 

15, 17, Fig 6 and 7) 

(3) A premature ventricular complex could be 
interrupted by a ventricular complex of supra- 
ventricular origin (Case 4, Fig 4) 

(4) A premature ventricular complex could be 
interrupted by another premature ventricular com- 
plex (Cases 1, 2, 4, 5, 7, 8, Fig 1, 2, 4, 5, and 8) 
This last might occur with single pairs of ventricular 
premature beats (Fig 1) or m the course of ventri- 
cular paroxysmal tachycardia (Fig 2) 

Reference to published cardiographic tracings 
illustrating a variety of cardiological conditions 
suggests that some of the other theoretical pos- 
sibilities ma> have been realized For example 
interruptions of paroxysmal auricular tachycardia 
(Graybiel and White, 1946) in which the P waves 
appeared m the S-T segments 
23 
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Case Reports 

Case 1, male, aged 59 years Retrosternal pam 
twelve hours before admission The electro- 
cardiographic diagnosis was that of anterior apical 
infarction In two instances in about 46 seconds of 
electrocardiographic recording examples were found 
of an ectopic ventricular complex interrupted before 
its completion by a subsequent ectopic complex 
(Fig 1) Both interruptions occurred on the latter 
half of the T wave 

The patient was improving during the first 19 
days and then had an extension of the cardiac 
infarction with a further fall in the blood pressure 
Next day he was noticed to be breathing ster- 


torously Shortly after he tried to sit up and died 
suddenly, as was thought, from ventricular flutter 
The autopsy revealed multiple small infarcted areas 
in the anterior apical region 

Case 2, male, aged 46 years Cardiac infarction 
Severe retro-sternal pain of 36 hours duration 
About one month after admission the patient de 
veloped a ventricular paroxysmal tach) cardie and 
was treated by quimdme which restored a natural 
regular rhythm The patient was discharged in 
good condition 

The electrocardiograms were indefinite in regard 
to the clinical diagnosis of cardiac infarction The 
terminal deflection of the first run of tachycardia 




Fig 1 —Case 1 The upper trace shows a single uninterrupted premature ventncular ^stote and (he 
lower shows a pair of premature ventricular systoles of which the seco^ mt^^ theteitanal ^flec 
of the first The interrupted complex may be compared in shape with the complete co p 
upper trace and with the complex that follows it Tune intervals 0 I sec 


/ 
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m lead III and the ventricular complex towards the 
end of the lead III strip indicate the shape and dura- 
tion of uninterrupted ventricular complexes (Fig 2) 


' In the middle of the paroxysm the individual com- 
plexes differ in duration and this seems to depend 
chiefly on the pomt at which the T-like terminal 






Fio 2 — Case 2 The trace show's a paroxysm of ventricular tachycardia This complex at the end 
of the paroxysm and the complexes at the extreme left and nght of the trace are uninterrupted The 
arrows mark the points where complexes are interrupted during the paroxysm Comparison with 
mtact complexes indicates how much of the interrupted complexes have been cut off by the begin- 
nings of new ventricular complexes Time intervals 0-05 sec 


UJ 




II Thows an cnd^of rani? ° f ,? 7 ap ' t d bcatm S wlh the return of sinus rhythm, lead 

vcntncular complexes of i d Md 111 beginning of rapid beating with polymorphic 

auricular f.bXt.on CF 4 P S W« ? ngm - ( The irregular arrhythmia ha s been called paroxysmal 
intervals 0-05 see h4 shows t "° mtcmipUons by R waves of the antecedent T waves Tune 
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deflection of a complex is interrupted by the initial 
sharp downward deflection of the next complex 

Case 3, male, aged 56 years Myocardial de- 
generation and thyrotoxicosis Paroxysmal supra- 
ventricular tachycardia probably auricular fibrillation 
Admitted with breathlessness on exertion, of 6 
months’ duration Thyroidectomy was followed 
by improvement m the physical condition The 
basic rhythm is regular and of sinus origin At 
times there is an irregular tachycardia with ventri- 
cular complexes which do not differ greatly from 
those found when the rhythm is regular (Fig 3) 
The irregular rhythm is associated with variations in 
the shape of the ventricular complexes which, how- 
'-cver, are supraventricular m origin It is not 
, possible entirely to eliminate multiple premature 
auricular systoles as a cause for the tachycardia but 
auricular fibrillation seems more likely 

Case 4, male, aged 71 years Myocardial de- 
generation, auricular fibrillation, multiple premature 
ventricular- systoles Admitted to hospital because 
of a confused mental state He was reasonably 
active for his years Irregular rhythm due to 
auricular fibrillation and short runs of paroxysmal 
ventricular tachycardia Interruptions of T. waves 
by R "waves occur frequently Some of these are 


interruptions of ventricular complexes of supra 
ventricular origin byprematureventncularcomplexcs 
others are of premature ventricular complexes by 
other premature ventricular complexes (Fig 4A) 
Instances were observed of the interruption of a 
premature ventricular complex by a ventricular com- 
plex of supraventricular origin (Fig 4 A and B) and 
of a ventricular complex of supraventricular ongin 
by another ventricular complex of supraventncular 
origin 

Case 5, male, aged 71 years Myocardial de 
generation, auricular bigeminy, sums bigemut), 
multiple premature ventricular systoles Admitted 
because of a right-sided inguinal hernia and found to 
have cardiac Irregularity In the last four months 
before admission there had been shortness of breath 
on exertion but no swelling of the ankles '(See 
Fig 5) 

Case 6, male, aged 58 years Cardiac infarction 
Electrocardiograms showed a cardiac infarction and 
multiple-premature ventricular systoles with inter 
ruphons of T waves by R waves (Fig 6) 

Case 7, female, aged 40 years Myocardial dam- 
age of unknown origin, multiple premature systoles 
Numerous examples of ventricular premature 
systoles interrupting beats of normal sinus origin 


1 . 


r 

L / a 
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lows a run of six premature ventricular systoles followed by what 
1 supraventncular ongm interrupting the T wave of the last 


^' IG ^ / a \ Auricular fibrillation The trace shows i 
- appears to be a ventricular complex of supi 

premature ventncular systole premature ventricular complex mter- 

_ „ ® Time intervals 0 ! sec 
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(A) The upper trace is an electrocardiogram recorded by a Matthew’s’ oscillograph and shows 
auricular bigcmmy broken by premature- ventricular systoles which occur in two groups, each of 
three ventricular complexes The 1st and 2nd premature ventricular systoles in each group are 
interrupted respectively by the 2nd and 3rd premature ventricular systoles The shape of the uiun- 
tcmiptcd 3rd systoles shows that the 1st and 2nd systoles are incomplete The ballistocardiographic 
trace, usmg Malcolm’s instrument, indicates a much smaller output of the heart from the premature than 
from natural systoles Tune trace 0 2 sec 

(B) The lower trace is a heart sound record and the lower trace a simultaneous lead II electro- 
cardiagram, both taken usmg a pair of Matthews’ oscillographs The latter shows a supraventricular 
bigcmmy with wandering pacemaker and two premature ventricular systoles of which the second 
interrupts the fust. The heart sounds alternate m intensity during the bigemmy, the louder sound 
following the longer diastole The premature ventricular systoles give nse to weaker heart sounds 
The second premature systole leads to a second heart sound- This raises the question of whether 
some filling of the heart took place between the two premature ventricular beats- Time trace 0 2 sec. 
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Fig 7 —Case 7 The trace shows interruptions of the T waves of complexes of sinus origin by the R waves 
of premature ventricular systoles Time intervals 0 1 sec 



(Fig 7) Examples were also encountered of poly- 
morphic ventricular premature systoles inter- 
rupting other premature ventricular systoles Apart 
from the numerous premature beats the electro- 
cardiogram would have passed as normal 

Case 8, male, aged 77 years Cardiac asthma, 
general congest ne heart failure, benign arterial hyper- 
tension Shortness of hieath on exertion for two 
years, swelling of the ankles for one month, and ex- 
treme noctuTnat bTeatoessness lor tour days pnor to 
admission The blood pressure was 220/108 The 
basic rhythm, of sinus origin, was interrupted by 
frequent polymorphic premature ventricular systoles 
occumng'at various times after the antecedent com- 
plexes Interruptions of T waves by R waves were 
frequent (Fig 8) 


attack of pam which woke him in the early morning 
and continued for some hours in the absence of 
physical exertion, no other clinical evidence of 
recent cardiac infarction Cardiograms suggested 
an old myocardial infarction but no recent dam 
age the T wave was inverted in leads I and IV, 
and in lead III there was a premature ventricular 
systole interrupting the T wave during its descent 
(no other abnormality and regular rhythm with 
nonnal P-R interval) 

Case 11, male, aged 79 years Recent cardiac 
infarction This patient began with vomiting, and 
pam ui the chest He was obviously very ill and 
cyaposed, his condition deteriorated and he died 
Cardiograms show a basic sinus rhythm with normal 
p_R interval interrupted by numerous premature 



Fig 8 —Case 8 The trace shows mterrupUon of the terminal deflection of an ectopic ventricular complex 
by the uuUal deflection of another ectopic ventricular complex Time intervals 0 1 sec 


Case 9, male, aged 63 years Posterior basal 
infarct One month after the onset of the infarc- 
tion, the patient, apparently well on the way to 
recovery, was telling the ward sister how well he felt 
and suddenly dropped back dead, apparently from 
ventricular flutter or fibrillation The autopsy 
revealed a posterior basal cardiac infarction 
Cardiograms showed interruption of ventricular 
complexes of supraventricular origin by ectopic 
ventricular complexes The premature beats 
occurred at varying intervals after the previous 
beats but were not polymorphic __ 

Case 10, male, aged 77 years Angina of effort, 
old cardiac infarction Admitted because of an 


ventncular systoles The QRS-T complexes were 
approximately 0 1 sec in duration There was a 
6 mh 1 Q wave in Iead_m with a sharply inverted 
T wiive A clear interruption of the T wave of a 
complex of sinus origin by an ectopic ventricular 
complex occurred in lead I 

Cose 12, male, aged 77 years Myocardial de- 
generation Short of breath and unable to hurry on 
level ground for six years pnor to admission Signs 
of congestive heart failure were minimal Sinus 
rhythm, but premature ventricular systoles occurred 
at fairly frequent intervals and several quite distinct 
interruptions of complexes of supraventricular 
on gin by ectopic ventncular complexes occur 
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Case 13, female, agecT 78 years Cardiac asthma, 
auricular fibrillation, hypostatic pneumonia Admitted 
with” severe breathlessness which was thought to be 
the result of cardiac asthma In hospital she 
developed a hypostatic pneumoma and died 
Auncular fibrillation QRS-T complexes of supra- 
ventricular origin sometimes occurred sufficiently 
early to interrupt the antecedent T wave of other 
supraventricular complexes about half-way down 
their descents ' v 

Case 14, female, aged 70 years Acute exacerba- 
tion of chronic bronchitis, congestive heart failure, 
auncular fibrillation The bldod pressure was 
180/80 The congestive fadure was treated by 
digitalis, the bronchitis improved, and the patient 
was discharged in fair condition Auncular fibnl- 
lation in CF2 and CF4 distinct interruptions of 
complexes of supraventricular ongin by other com- 
plexes of supraventricular ongin occurred There 
was great variation in the shape of the ventncular 
complexes 

Case 15, female, aged 73 years Auncular fibril- 
lation Auncular fibnllation and interference with 
conduction in the branch bundles Complexes of 
supraventncular ongin were interrupted on occasion 
by other complexes of supraventricular ongin and 
at tunes by ectopic ventncular complexes 

x 

Case 16, female, -aged 66 years Paroxysmal 
auricular fibrillation In two instances R waves were 
present on the descent of the antecedent T waves 


showed a basic sinus rhythm, the ectopic ventricular 
complexes were polymorphic but falling, in regard 
to shape, into two mam types of which one type 
only gave rise to interruptions of the T waves of 
sinus beats 

Findings in these Cases 

The principal features of the 1 7 cases recorded with 
R waves interrupting T waves are set out in Table I 
Most patients were m the later years of life, ten 
being over 70 and seven between 40 and 69 There 
was a preponderance of males Thirteen exhibited 
premature ventncular systoles, in one of these, only 
a single premature ventricular systole was present 
in the short length of tracing available, in the re- 
maining 12 two or more ventncular premature 
systoles occurred, in tracings taken with the same 
lead, and' the premature beats were polymorphic m 
1 1 cases (Fig 7 and 8) Of these 12 cases, 1 1 showed 
premature beats starting at irregular intervals of 
tune after the antecedent normal beats In the re- 
maining case there were only two premature ven- 
tncular complexes and a conclusion as to whether 
the time interval was constant or vanable could not 
be reached Of the 12 cases with more than one 
premature systole 8 showed examples of pairs of 
premature beats occurring together Some of these 
showed groups' of three together and 3 of the 8 
showed runs of paroxysmal tachycardia of five or 
more complexes (Fig 2) In two of the cases where 
no such painng of the ventncular premature systoles 
was discovered a considerable length of tracing was 



Fig 9 — Case 16 Auncular fibrillation. T wave, interruption Time intervals 0 05 sec 


(Fig 9) The QRS-T complexes showed vanations 
in shape There were no premature ventncular 
systoles , 

Case 17, female, aged 62 Melancholia, multiple 
premature systoles Admitted for electncal con- 
vulsive therapy on account of mental depression, 
hallucinations, and delusions Electrocardiograms 


available and it seems likely that pairing of the 
beats was not occurring in these cases In the other 
two cases only short lengths of tracing were avail- 
able and pairing may or may not have been present 
at other times 

There were six cases with auncular fibnllation and 
it is interesting that all six showed polymorphic 
ventncular complexes of supraventncular ongin 






30 


F H SMIRK 


(Fig 3) This polymorphism is not usual in 
ordinary cases- of auncular fibrillation and would 
appear to be a feature of cases in which R waves 
appear upon T waves Two of the six cases with 
auncular fibrillation also exhibited ectopic ventn- 
cular systoles and these also exhibited poly- 
morphism It was noted, but only when finally 
analysing the results, that three out of the six cases 
with auncular fibrillation (Fig 3) sometimes showed 
sinus rhythm, this seems to be a higher proportion 
of paroxysmal auncular fibnllation than one would 
expect to encounter in a random collection of aun- 
cular fibrillation cases. From the above paragraphs - 
it will be seen that in the 1 6 cases where it was pos- 
sible to examine the phenomenon, polymorphism 
occurred in 15, being manifest either in ectopic 
ventncular complexes or in ventncular complexes 
of supraventncular origin or in both of these 
The four types of interruption that should occur 
theoretically have been found in the present series 
Five patients were found m whom ventncular com- 
plexes of supraventncular ongm interrupted other 
ventncular complexes of supraventncular origin 
and m one additional patient this probably occurred 
These were also patients with auncular fibnllation 
and no such interruption occurred m any of the 
patients with sinus rhythm Interruption of ventn- 
cular complexes of supraventncular origin by 
ectopic ventncular complexes (Fig 6) and of 
ectopic ventncular complexes by other ectopic 
ventncular complexes (Fig 1 and 4) both occurred 
fairly frequently, there being 9 patients who definitely, 
and three more who probably, exhibited the former 
phenomenon, and six patients who definitely exhibited 
the latter Only one patient showed ectopic ventn- 
cular complexes being interrupted by ventncular 
complexes of supraventncular ongw (Fig 4) and 
this, as might be expected, was in a patient with both 
auncular fibnllation and multiple ectopic ventn- 
cular systoles 

- One patient exhibited four types of interruption 
Two patients exhibited two lands of interruption 
and three patients probably had two types of inter- 
ruption 

Evidence of Interruption of T Waves 
by R Waves 

Some examples of the interruption of T waves by 
R waves have been presented It may be con- 
sidered that there has been an unmistakable inter- 
ruption when a ventncular complex of well-defined 
shape has its latter end cut off by the premature 
development of an R wave In most cases complete 
ventricular complexes can be discovered which , up 
to the point of interruption, are identical with the 
interrupted complex, and a comparison of the com- 


plete and interrupted complexes makes it quite 
clear that there has been an interruption (Fig )) 
The distance between the R wave of the inter 
rupted complex and the R wave of the interrupting 
complex, ordinarily, will be less than the length 
of the complete QRS-T complex In patients who 
show the more striking interruptions of T waves by 
R waves there are usually m addition a large 
number of interruptions which, however, are not so 
convincing — those where the R wave arises low down 
on the descent of the T wave, those where extra 
cardiac potentials by deflecting the isoelectric base 
line are altering the shape of the complexes, and 
those where the interruption appears to be due 
to a prolongation of the interrupted'QRS-T complex 
as much as to prematurity of the R wave 


Other Features of Cases R Waves on T Waves 

Several of the examples of R waves on T wares 
have been encountered in cases of cardiac infarction 
especially about the end of the first week and the 
interruptions then are caused by premature ventn 
cular systoles (Fig 1 and 6) 

In cases which are not cardiac infarctions a variety 
of clinical conditions have been associated with the 
appearance of R waves on T waves Most of these 
patients show evidence of substantial myocardial 
damage In addition, there is a similarity in the 
electrocardiographic features of all these cases which 
is not merely accidental 

(1) In 11 out of 12 cases, the ectopic ventncular 
complexes show variations in the shape (poly- 
morphism) These variations in shape, however, 
are encountered not only when the premature ventn- 
cular systoles arise, as is usual in these patients, from 
multiple ectopic foci but also among ventncular 
complexes which arise in response to stimuli of 
supraventncular ongw (Fig 3) 

(2) Ectopic ventncular beats often occur in pairs 
or tnplets or m runs of ventncular paroxysmal 
tachycardia 

(3) The distances between premature beats and 
them antecedent normal complexes were vanable 
When pan's of ventncular premature systoles occur 
together, the distance between the two members of 
a pair is also a vanable 

As will be seen later, the above changes may 
indicate increased excitability of the myocardium 

The recognition of the fact that cases exhibiting 
interruptions of T waves by R waves commonly 
showed the above features, has led to a more careful, 
and often fruitful, search for interruptions, more 
particularly in cases where (a) ventncular complexes 
are polymorphic and at vanable intervals after the 
antecedent beat, (b) the heart rate is fast and 
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irregular, and (c) where some of the R waves arise 
close to the descending hmb of the T wave * 

The Refractory Period of Cardiac Muscle 
The presence of R waves on T waves indicates 
that a new wave of excitation may arise within the 
heart before the previous wave of excitation has 
ended This statement has reference to the heart 


U wave In the course oT some observations with 
Mr Fastier, direct leads from the surface of the 
heart have been taken in the dog in the course of the 
experimental production of ventricular flutter by 
the administration of amann followed by adrenaline 
In the stage preceding the onset of ventricular flutter 
we have observed interruption of the terminal 
deflection of these (direct lead) electrograms (Fig 10) 



Fig 10 — Dog (17 kg 6 3 g ), under sodium barbitone Vagi intact. The upper trace is an electrocardio- 
gram which shows R waves appearing on T waves just before the onset of ventncular flutter, which was 
induced with adrenaline (25/ig ) following treatment with amann 
The lower trace is a simultaneously recorded electrogram, picked up from an electrode that was close 
to the A-V septum on the leftside of the heart This suggests practically continuous electrical activity in 
the vcntncle at the stage of chaotic rhythm Note that the electrogram does not always settle down to 
a base lme, where the T wave of the electrocardiogram has been interrupted by the succeeding R wave, 
the new electrogram may begin prematurely, as judged by the fact that the preceding complex does 
not fall to the level noted with the alternate senes of complexes 


as a whole and in certain cases at least the termina- 
tion of the T wave does not represent the passing off 
of the wave of excitation throughout the entire 
heart For example, in the case of a left ventncular 
premature systole, the nght side of the heart is the 
last part to be excited and the terminal part of the 
T wave represents the passing off of the wave of 
excitauon from the nght side It is not so easy 
to explain the interruption of the T waves of a 
supraventncular complex in this way for then, 
apart from branch bundle block, the T wave repre- 
sents the passing off of the wave of excitation on both 
sides of the heart Such arguments do not go much 
further than indicating that we cannot eliminate the 
possibility that a single cardiac muscle fibre may 
be capable of responding to a new wave of excita- 
tion before the previous wave of excitation has 
ended 

The observations of Moe, Hams, and Wiggers ' 
(1942) indicate clearly that a suitable electrical 
stimulus applied to a ventricle during or just before 
the descent of the T wave leads to a wave of excita- 
tion in the heart muscle, but after such a delay that 
, thc resulting R wave came after the termination of 
the T wave and commonly in the vicinity of the 


An additional 8 cases, including one with paroxysms 

°L Ncnt . ncu i ar A uttl - r Wcctrocardiographic), have been 
encountered while this papier was in press 


by the succeeding wave of excitation, an observation 
that corresponds with the appearance of R waves on 
T waves but suggests that the phenomenon can take 
place even within the circumscribed area of the 
heart from which the electrogram is recorded It is 
not unlikely therefore, that cardiac muscle fibres are 
capable, under certain circumstances, of responding 
to a new wave of excitation before the previous wave 
of excitation has ended 

Excitability of the Myocardium as the 
Underlying Cause 

- The data concerning the 17 patients whose cases 
are reported suggest the probability that “ increased 
excitability” of the myocardium may be an im- 
portant underlying cause for the appearance of 
R waves superimposed upon T waves It is neces- 
sary to consider further the meanings of the word 
excitability as applied to cardiac muscle Increased 
excitability has been used in reference to an increased 
disposition of the cardiac muscle to originate new 
rhythms More precisely, however, it should refer to 
the ease with which the myocardium' responds when 
a stimulus is applied to it No doubt, under clinical 
conditions, these two phenomena are difficult to 
differentiate from each other but evidence suggesting 
excitability in one sense or another is present ill the 
great majority of cases here quoted In Cases 1, 2, 
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4, 5, 7, 8, 9, 12, and 17, it seems probable there is an 
increased tendency to originate new rhythms 
Large numbers of premature ventricular systoles 
anse which, as judged from the shape of the com- 
plexes, originate from different foci 'These ectopic 
beats occur at a variable time after the preceding 
beat and it may be thought from this that they 
probably result from the spontaneous activity of 
small parts of the cardiac muscle rather than from 
excitation of the ventricular muscle as the result of 
“ re-entry ” of impulses set up dunng the ante- 
cedent systole 

In contrast to this we have Cases 3, 13, 14, and 16, 
with auricular fibrillation and an abnormally rapid 
beating of the ventricles It may well be thdught 
that the conducting tissue (less probably, ventricular 
muscle) is responding more readily than usual to 
the stimuli coming down to it from the auricles 

Of the 17 cases, 6 are examples of cardiac infarc- 
tion In such cases the important pathological 
change in the myocardium is of comparatively recent 
ongifi It ismot surprising that m most cases where 
premature ventricular systoles are the result of a 
cardiac infarction the ectopic beats appears to arise 
from many foci Likewise if these premature beats 
, are arising spontaneously as the result of discharge 
from irritable foci, there is no obvious reason why 
they should develop at a fixed time after the ante- 
cedent normal complex and in fact, in none of the 
infarction cases here quoted, do we find the pre- 
mature ventricular systoles at a fixed distance after 
the antecedent normal beat 

In the 6 cases of cardiac infarction described in 
this paper, R waves are found stipenmposed on T 
waves, but in most cases of infarction this pheno- 
menon is not found 

R waves supenmposed-on T waves- were found in 
a miscellaneous group of cardiac cases where there 
was no cardiac infarction In some of these patients 
ectopic beats arising m the yentncles are responsible 
for most of the interrupted complexes These 
premature ventricular complexes arise from several 
foci and at variable times after the antecedent com- ' 
plexes It seems probable that there is increased 
excitability of the ventricular muscle due in these 
cases to causes other than cardiac infarction In 
other cases, however, the rhythm has a supra- 
ventricular origin In most of such cases the 
evidence of excitability is two-fold, first the develop- ' 
ment of an irregular auricular tachycardia due in the 
present cases to auricular fibrillation and secondly' 
the fact that the ventricles are able to respond to 
these stimuli by unusually rapid beating 

In some patients ectopic rhythms have arisen at 
one time from the auncles and at another from the ' 
\entncles This observation also favours the idea* 
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that the common factor is an increase in myocardial 
excitability (Cases 4, 5, 12, and 35) Some further 
evidence is given in the succeeding section 

The Supernormal Period of Cardiac 
Excitability 

As has been recognized for some time, there is a 
supernormal period m nerve at the tune of the 
negative after-potential Adrian (1921) showed that 
a super-normal period could be demonstrated in the 
ventricle of the frog upon acidifying the fluid in 
which the tissue was immersed Wastl (1922) 
demonstrated supemormalUy in fatigued prepara- 
tions ~ Cats anesthetized with barbiturates m- 
' variably showed the supernormal period subsequent 
to the relative refractory period (Hoff and Nahum, 
1938) but decerebrated cats rarely showed such 
super-normality (Eccles and Hoff, 1934) The 
super-normal period in the cat’s ventricle may 
coincide With the terminal part of the T wave and 
when a U wave is present it falls during this stage 
Wastl (1922) considers that the U wave is in fact the 
terminal part of the ventricular complex 

It is interesting to consider whether any of the 
examples of R waves upon T waves are distributed 
in such a manner that the interrupting beats fall 
chiefly within a phase of super-normality Super- 
normality might be concerned also in the frequency 
with which the ventricle is stimulated from auricles 
in a state of auricular fibrillation If such were the 
case we would be dealing, presumably, with a super- 
normality of the conducting tissue Super- 
normality of the conducting tissue has been postu- 
lated by Lewis and Master (1924) and by Golden- 
berg and Rothberger (1936) Super-normality 
might be exhibited in' relation to premature ventri- 
cular systoles and might determine whether a 
stimulus arising from an irritable focus would be 
effective and lead to a premature ventricular com- 
plex during the supernormal phase of the ante- 
cedent heart beat 

In the cases described in this paper, most pre- 
mature beats develop either in the U wave region or 
on the descent of the T wave In some cases all 
the premature systoles are confined to these parts 
of the cardiac cycle An example of this is found in 
Case 7 At times when this patient was not dis- 
playing R waves on T waves the premature beats 
occurred a little later in the cardiac cycle and mostly 
in the region of the U wave In some other patients 
(Case 8) the premature beats could occur during a 
greater part of the cardiac cycle but were concen- 
trated particularly in the region of the U wave or 
on the descent of the T wave Similarly, when 
premature beats interrupted other premature beats 
or were followed by other premature beats, the 


R wave of the second beat occurred very soon after 
the end of the T wave or during its descent The 
incidence of the premature beats m these patients 
could be explained- as being largely determined by a 
super-normal penod both in the case of premature 
beats following normal beats and in premature 
beats following other premature beats In most 
patients where interruptions of premature beats bj 
premature beats is observed, examples of the inter 
ruptions of normal beats by premature beats are 
also observed The interruption is not so much 
determined by the nature of the complexes concerned 
as by a state of the cardiac muscle Probably, 
the state of the cardiac muscle that allows 
the effective generation of these very premature 
ectopic beats is a state of super-normal excita 
bihty of the myocardium It has been stated by 
Katz (1946) that a super-normal phase does not 
occur m the normal human heart but may be present 
in abnormal hearts Scherf and Scbolt (1939) also 
describe a super-normal phase m man The obser- 
vations reported in this paper are consistent with this 
view The super-normal phase has been demon- 
strated m experiments on healthy cats but it has 
not yet been made dear whether under experi- 
mental conditions the heart was exhibiting a phe 
nomenon that would not be obtained under more 
normal conditions 

Relationships of Electrical and Mechanical 
Events when T Waves are Interrupted by 
R Waves 

It is not certain that the relationship between 
electrical and mechanical events in the heart is con 
stant (Katz, 1946) and it may be changed both 
dunng health and in disease In a number of our 
cases in which R waves were encountered on T 
waves phonocardiograms or alternatively ballisto- 
cardiograms were recorded simultaneously with the 
electrocardiograms In Cases 5 (Fig 5A, B) and 7 
it was found that, where the T wave was interrupted 
by the R wave of the premature systole, the intensity 
of thq first sound produced by the very premature 
systole was less than that produced by normal heart 
contractions or by premature contractions that 
occur later in the cardiac cycle Sometimes the 
weak first sound was followed by a second sound, 
in other cases no recorded second sound was 
observed In those cases where a second sound was 
associated with a very early premature systole it is 
realized, with some surprise, that the premature beat 
must have caused a discharge of blood from the 
heart and the opening of the semilunar valves must 
have been sufficient to produce a second sound on 
closing again Either the antecedent beat had not 
emptied the ventricles completely or some degree 
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of filling of the ventricles must have taken place at a 
time corresponding to the lower third Of the descent 
of the T wave Other phonocardiograms gave 
results that were not dissimilar In Case 5 several 
ballistocardiograms were taken (Fig 5) and these 
showed, as expected, that the output from the heart 
was much less when a premature systole occurred 
very early in the cardiac cycle, but in all traces taken 
the ballistocardiographic results suggested that some 
blood bad been discharged into the aortaeven during 
the very premature systoles 

The Clinical Significance of R Waves on 

T Waves and Indications for Treatment 

A survey of published electrocardiograms shows 
that R waves on T waves are often seen shortly 
before the onset of-cknical ventricular flutter, also 
before the onset of experimental ventricular flutter 
produced in a variety of ways, and in this senes R 
waves on T waves occurred in 6 patients with cardiac 
infarction of whom 2 died suddenly These points 
indicate the possibility that the appearance of R 
waves on T waves may be of bad prognostic import 
It would appear that the condition occurs chiefly 
among cases where there is good evidence of in- 
creased cardiac excitability and of substantial 
myocardial damage Many of the patients were 
elderly Naturally enough where there is already 
evidence of myocardial disease one may expect a 
poor prognosis, the question we must ask ls-whether 
the finding oT an R wave on a T wave, in itself 
worsens the prognosis in these cases On this 
question there is insufficient evidence but neverthe- 
less the distinct indication that the subject deserves 
further study, first because of the known associa- 
tion, under experimental conditions, between the 
presence of R waves on T waves and ventricular 
flutter and fibrillation, secondly because in the 
clinical material studied there had been instances of 
sudden death that could be explained reasonably 
as examples of ventricular flutter "or fibrillation 
The matter is not without practical importance since 
preliminary observations suggest that the tendency to 
this particular manifestation can be arrested or 
greatly diminished by treatment with quuudine, 
digitalis, or strophanthus, more especially quim- 
dme 

Unfortunately the possibility of a useful method of 
treatment did not emerge at the outset of this in- 
vestigation, but in two cases of cardiac infarction 
exhibiting the presence of R waves on T waves the 
administration of quinidme arrested the premature 
systoles, and as premature ventricular systoles had 
been responsible for the interruptions of the ante- 
cedent complexes, this phenomenon was thereby 
eliminated In the first (Case 6) the patient made an 


uninterrupted recovery from the infarction but was 
readmitted some 3 months later with a second and 
fatal infarction On this second occasion there 
were no premature systoles noted. In the second 
(Case 9) the administration of quinidme prevented 
the premature systoles and eliminated the mter- 
jruption of complexes Unfortunately a hrema- 
temesis necessitated withdrawal of the quinidme 
whereupon the premature ventricular complexes 
recurred One month after the -onset of the 
infarction the patient was saying how well he felt 
and he suddenly stopped and was dead in a few 
seconds This would appear to be an example of 
ventricular gutter In Case 7 the patient was in 
moderately good condition with little breathless- 
ness and a moderate exercise tolerance, but a gallop 
rhythm She was treated with quinidme, this 
stopped almost all ectopic beats, but unfortunatelv 
the drug had to be stopped as she experienced con- 
tinuous vertigo and headache On administering 
strophanthin by intravenous injection the number of 
premature systoles' were much reduced, and -those 
which occurred were found later in the cardiac cycle 
and after the termination of the T wave With eight 
tablets daily of 1/500 grain of strophanthin by 
mouth, also, the premature systoles were much 
reduced in number In view of the increased excita- 
bility of the ventricle brought about by substances 
such as digitalis and strophanthus, 1/200 of a grain 
of atropine was given thrice daily at the start, this 
to some extent at leasfi serves as an anti-fibnllating 
agent The patient was much improved and was 
discharged from hospital 

It would seem that the administration of quini- 
dme, digitalis and strophanthin in such cases 
deserves a trial Perhaps quinidme is the most 
likely to prove satisfactory and digitalis and stro- 
phanthus are probably potentially dangerous In 
any case where cardiac infarction has taken place 
neither digitalis nor strophanthus should be given 
unless there is congestive heart failure 

Summary 

Seventeen cases are described m which R waves 
appear on the descent of T waves They appear to 
be examples of an electrocardiographic syndrome 
characterized by a group of related abnormalities 
some of which are explicable in terms of increased 
myocardial excitability 

The presence of an R wave on a T wave indicates 
that a new wave of excitation starts before the 
previous wave has ended It is convenient in these 
circumstances to speak of a ventricular complex 
being interrupted before its completion 

Ventricular complexes of supraventricular origin 
may be interrupted by other ventricular complexes 
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of supraventricular origin or by ectopic ventricular 
complexes Ectopic ventricular complexes may 
be interrupted by ventricular complexes of supra- 
ventricular origin or by other , ectopic ventricular 
complexes 

R waves on T raves may occur with ectopic 
ventricular systoles, paroxysmal ventricular tachy- 
cardia, auricular fibrillation, ^and auncuiar paro- 
xysmal tachycardia They may occur in cardiac 
infarction Theoretically they might occur with 
ectopic auncuiar systoles and auncuiar flutter 

When R raves on T raves are due to ectopic 
ventncular complexes, these are almost always poly-, 
morphic and presumably multifocal The ectopic 
ventncular complexes occur at varying intervals 
after the antecedent beat and there is a tendency for 
them to occur in runs of two or three or more beats 
E\en when the presence of R waves is brought about 
by a supraventncular rhythm (usually -auncuiar 
fibnllation), polymorphic Ventncular complexes are 
''often found 

In view of the fact that R waves on T Waves are 


frequent precursors of clinical and experimental 
ventncular flutter and ventncular fibrillation, it is 
desirable to consider the significance of\this finding 
for prognosis in man A few of the patients in this 
senes have died suddenly 

It is probably advantageous to use qumidine m 
such patients with multiple premature ventncular 
systoles This abolished the interruption of T 
raves by R raves m all of five cases Digitalis and 
strophanthus also abohsh the interruptions in some 
cases, but have theoretical objections 

The significance of this phenomenon in relation 
to the refractory penod of heart muscle, the super- 
normal phase of cardiac' excitability, and 1 the 
mechanical changes associated with very premature 
systoles are discussed v 

I am indebted to Dr Laurence Malcolm for permission 
to use his ballistocardiograph, to Dr Iverach, Dr Kirk, 
and Dr Harold Palmer for permission to examine cases 
under their care, and to the New Zealand Medical 
Research Council for the expenses of the research 
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LAY CARDIOLOGISTS 


BY 

TERENCE EAST 


“ For so to interpose a little ease ” is well enough 
m these times, even in a scientific journal It is 
hardly fair to complete the quotation, for the 
“ surmise ” of the lay writer is often far from 
“ false ”* From time to tune, in desultory reading, 
one’s attention is arrested by a good description by 
a lay author of a clinical condition, those which 
follow are of cardiovascular interest The descrip- 
tion by W N P Barbelhon of his disseminated 
sclerosis m the Journal of a Disappointed Man once 
attracted much interest He also gave an account 
of his extrasystoles 

“ Bad heart attack all day Intermittency is very 
refined torture to one who wants to live very badly 
Your pump goes ‘ dot and carry one,’ or say, 

‘ misses a stitch,’ what tune you breathe deep, begin 
to shake your friend’s hand, and make a farewell 
speech Then it goes on again and you order 
another pint of beer It is a fractious animal within 
the cage of my thorax^ and I never know when it is 
going to escape and make off with my preciohs life 
between its teeth ” 

The alarm that these harmless disturbances 
occasion was also well described by Hugh Walpole 
in his novel The Old Ladies 
“ A new sound that May had never heard in that 
house before It was the dripping of a tap like 
someone counting time — 1, 2, 3, 4, then a pause, 
then several dnps together May began to 

count — she counted to ten and after that so many 
came together/that she could count no longer 
she lay, the sweat on her forehead, her body tremb- 
ling, her heart running and jumping and missing, 
and jumping and running She heard it so plainly 
that it seemed that it must be with her now beside 
her bed, the running tap ” 

~ There are many good cluneal references in 
Kipling s writings The only one of cardiovascular 
interest is the description m The Light that Failed 
of what would appear to be a patient with aortic 
regurgitation who has just climbed a flight of stairs. 


10 mterposc a little ease let our frail heart 
ua!l> with false surmise ’’—Milton’s L) cidas 


“ His bps were parted and pale, and there were 
deep pouches under the eyes ‘ Weak heart,’ said 
Dick to himself as he shook hands, ‘ very weak heart. 
His pulse is shaking his fingers ’ ” 

Samuel Johnson diagnosed the cardiac origin of 
his asthma correctly Writing to Dr Brocklesby, 
his physician, after a visit to Lichfield, he remarked, 
“ The asthma has no abatement Opiates stop the 
fit, so that I can sit and sometimes be easy, but they 
do not procure me the power of motion I am look- 
ing into Floyer, who lived with his asthma to almost 
his ninetieth year His book by want of order is 
obscure, and his asthma not of the same land with 
mine ” Later in the year he died of heart failure, 
and the autopsy showed that he had had high blood 
pressure Fbs well-known account of his stroke 
which he had had the year before agrees with this. 

“ I went to bed, and in a short time waked and 
sat up, as has long been my custom, when I felt a 
confusion and indistinctness in my head, which 
lasted, I suppose, about half a minute I was 
alarmed, and prayed God, that however he might 
afflict my body, he would spare my understand- 
ing I bad no pain, and so little dejection in 

this dreadful state, that I wondered at mj own 
apathy, and considered that perhaps death itself, 
when it should come, would excite less horror than 
seems now to attend it 

“ In order to rouse the vocal organs, I took two 
drams Wine has been celebrated for the produc- 
tion of eloquence I put myself into violent motion, 
and I think repeated it, but all was m vain I then 
went to bed, and strange as it may seem, I think 
slept When I saw light, it was time to contrive 
what I should do Though God stopped my speech, 
he left me my hand , ^1 enjoyed a mercy which was 
not granted to my dear friend Lawrence, who now 
perhaps overlooks me as I am writing, and rejoices 
'that I have what he wanted My first note was 
necessarily to my servant, who came in talking, and 
could not immediately comprehend why he should 
read what I put mto his hands 
• “ I then wrote a card to Mr Allen, that I might 
have a discreet friend at hand, to act as occasion 
37 
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should require In penning this note, I had some 
difficulty, my hand, I knew not how or why, made 
wrong letters I then wrote to Dr Taylor to eome 
to me, and bring Dr Heberden and I sent to Dr 
Brocklesby, who is my neighbour My physicians 
- are very friendly, and give me great hopes, but you 
may imagine my situation J have so far recovered 
my vocal powers, as to repeat the Lord’s Prayer 
with no very imperfect articulation”’ 

He made rapid recovery, and had “ leave to wash 
the canthandes ” from his head a fortnight after the 
stroke, which was no doubt hypertensive ence- 
phalopathy 

In Treasure Island there is a short vivid descnp- 
" tion of an apoplectic attack “ I heard a loud fall 
in the parlour, and running in, beheld the Captain 
lying full length on the floor He was breathing 
very loud and hard, but his eyes were dosed, and 
his face a hornble colour ” 

Whether the philosopher Seneca * really had 
angina pectoris is doubtful He described an 
attack in these words ( Epistulie Morales LJX) 

“ But I have been assigned, -so to speak, to one 
special ailment The attack is of very brief duration, 
like that of a squall at sea, it usually ends within 
an hour I have passed through all the ills and 
dangers of the flesh, but nothing seems to me more 
troublesome than this And naturally so, for any- 
thing else may be called illness, but this is a sort of 
continued ‘last gasp’ Hence physicians call it 
‘ practising how to die ’ ” As he lived long after 
and died by his own hand ultimately, perhaps his 
J'meditatio mortis” was really bronchial asthma 
In the Swan of Litchfield by J E Pearson, there is an 
excellent account of angina of effort, which culmi- 
nated in a fatal attack on stooping Anne Seward, 
the heroine of the book, describes the death of her 
old friend Mr Savdle, which took place on August 
16, 1803 

“ In April he began to complain, at times, of a 
stricture in his breast — a slight pain there, and a 
difficulty m breathing on going upstairs, or uphill 
A disorder so entirely new to his frame startled me, 
but neither of us supposed the symptoms dangerous 
His appetite, his spirits good, and the malady 
apparently trivial and infrequent, yet alas' I am 
now convinced these were the presage of the disease 
which destroyed him ’’ He had been dressing for a 
party “ Soon after he cut a com, which pained 
him, and in that operation had been stooping over 
his stomach some time, when suddenly a tremendous 
seizure of the late kind attacked him, and in a 
quarter of an hour struck him from the land of the 
living ” 

* Translation by-R M Gunmere (Loeb senes) 


The following passage from Mtddlemarch descnbes 
what might well have been a painless attack of myo- 
cardial infarction 

“ Dorothea had not looked away from her own 
table when she heard the loud bang of a book on 
-the floor, and turning quickly saw Mr Casaubon on 
the library steps clinging forward as if he were m 
some bodily distress She started up and bounded 
towards him in an instant, he was evidently m great 
straits for breath Jumping on a stool she got dose 
to his elbow and said with her whole soul melted into 
tender alarm — ‘ Can you lean on me, dear? ’ He 
was still for two or three minutes which seemed 
endless to her — unable to speak or move, gasping 
for breath - When he at last descended the three 
steps and fell backwards into the large chair, he no 
longer gasped, but seemed helpless and about to 
faint ” 

His physician, Mr Lydgate, makes his diagnosis 
and prognosis "My conclusions are doubly 
uncertain, uncertain not only because of my fallibi 
lity, but because diseases of the heart are eminently 
difficult to found predictions on I believe you are 
suffering from what is called fatty degeneration of 
the heart which was first divined and explored by 
Lrenncc It is my duty to tell you that death from 
this disease is often sudden At the same time, no 
such result can be predicted Your condition may 
be consistent with a tolerably comfortable life for 
another fifteen years or even more ” 

Mr Casaubon was found dead sitting in bis 
summer house, not Jong after this The prognosis 
which George Ehot puts into the mouth of the 
doctor is cleverly worded, and would be a model of 
instruction for a student 
An atypical attack of coronary occlusion seems to 
be the subject of one of Cowper’s letters (May 1785) 

“ Mr Ashburner, the elder, went to London on 
Tuesday sennight in perfect health and in high 
spirits, so as to be remarkably cheerful, and was 
brought home in a hearse the Friday following 
Soon after his arrival in town, he complained of an 
acute pam in his elbow, another in his shoulder, then 
m both shoulders, was blooded, took his doses of 
such medicine as an apothecary thought might do 
him good, and died on Thursday morning at ten 
o’clock. It is not common, however, for men at the 
age of thirty-six to die so suddenly,” he comments, 
in those days, too, early cases appear to have 
occurred, one may remark, » 

In Horace Walpole’s letters there are many 
medical references, chiefly on the subject of gout 
There is one which may be included here In one 
he laments the death of his friend Mr Chute, also a 
victim of gout, in a letter to Sir Horace Mann in 
Florence 
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“ I was never alarmed till last summer when he had 
a low lingering fever and sickness, and pain in 
his breast with returns of the recurrent palpita- 
tion On Thursday last I was told he 

was very ill, I found him in bed, he had so violent 
pain in his breast that two days before he had sent 
for Dr Thomas, who had given him one hundred 
drops of laudanum and asafostida Mr Chute said 
‘ It is not gout, I have had my palpitation and fear 
it is something of a polypus 1 ’ ” 

He died suddenly Walpole comments “It 
certainly was a polypus, his side grew immediately 
as black as ink ” If this account is correct it might 
possibly have been a dissecting aneurysm, with 
rupture into the pleura. 

To turn to more modem writers, there is a first- 
rate account of the symptoms of catdiac infarction 
in Time Must Stop by Aldous Huxley 

‘ And,then suddenly the pain was like a red hot 
poker thro’ his chest He felt dizzy and a 

whirling blackness obscured the outside world 
He lowered himself unsteadily onto the seat and 
~ almost immediately felt a good deal better 
Just as his arm was at full stretch the pain returned — 
but m a new form for now it had become, in some 
mdescnbable way, obscene as well as agonizing 
And all at onoe he found himself panting for breath, 
and in the clutch of a new terror more intense than 
any he had ever experienced before Then all at 
once the pain shot down his left arm, nauseating, 
disgusting, like being hit m the wind ” 

Sparkenbroke by Charles Morgan provides 
another good description of an attack of angina 
brought on by cold 

“ In the evening, a little before dusk, while he was 
washing in cold water, he received warning that a 
paroxysm was about to seize him A stiffness of 
neck and shoulder was followed by a deep aching 
within the left arm, and, after a little interval, by an 


agony within the leg as though a wedge were being 
driven into the bone’s marrow and the bone itself 
split He had dragged himself from the washstand 
to his bed and covered himself, for he was half 
naked, his body still wet and now bitterly cold 
As the pain increased, the leg stiffened, his back 
arched, his arm, beyond his will, was twisted under- 
his back, and he cned out, for his ampoules of amyl 
nitnte were m the coat he had taken off Bissett, 
hastening in, put one of these into a handkerchief 
and the handkerchief within the grip of his hand 
He crushed it and inhaled For a little while it gave 
relief His body was loosened from its contortion 
and he lay against pillows, struggling for breath, 
asking that he might escape the greater paroxysm 
of the body itself 

“ But the agony swept upon him afresh There 
appeared in his mind an image of his chest as a bony 
shell within which the organs of his body were being 
compressed by cords The organs themselves had 
individuality and voices, he heard them cry out, 
saw them twist and spurt, emptying their blood-red 
to a pearly and sweating -grey Far off, within the 
divisions of his fingers, were folds of linen, he raised 
them up, a handkerchief was twined against his 
nostrils, which sucked in its fumes They had the 
smell of comfort, but a gust of torment swept them 
awayi and he saw Bissett laying hot compresses 6n 
the bony shell, which heat could not penetrate 
He gathered his knuckles into the softness of his 
throat” * 

The art of writing clinical descriptions is almost 
lost nowadays The dry deserts of modem medical 
literature would make better reading if something 
of the Charm of these lay authors could be imparted 
to them ' 

* Some of these excerpts, with others less pertinent to 
cardiology have appeared in the King’s College Hospital 
Gazette (1947), Vol 26 


EDITORIAL NOTE 


What was almost certainly a paroxysm of auricular 
fibrillation has been described in the literature of the 
1914-18 war, when the author was almost exhausted 
by the hardships involved in escaping on foot from a 
prisoner’s camp “ Owing to the mud I began to 
frel frightfully tired I staggered, and quite sud- 
denly I collapsed and lay on the ground unable to 
move. I managed to put my hand over my heart 
and could feel that it was running most irregularly 
and misfiring in an extraordinary way After about 
a quarter of an hour it got much better, so I had a 


few mouthfuls of bread and went on again ” {The 
Escaping Club, by A J Evans John Lane, Lond , 
1929, p 224) The sudden collapse and the sudden 
recovery make it much more likely that this was 
paroxysmal fibrillation than a bout of frequent 
extrasystoles 

East has included cardiovascular disease and this 
allows a reference to the cardiovascular accidents 
that give more play to the lay writer because their 
results are more obvious in disorders of behaviour 
and mannerisms Charles Dickens has many such 
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instances and shows by these, as in other ways, his 
great powers of accurate' observation The mental 
changes and -change of temperament in Mrs 
Gargery in Great Expectations after a blow on the 
back of the head; and the detailed account of the 
degenerative changes following on cerebral arterio- 
sclerosis on the Honourable Mrs Skewton, the 
mother of Mrs Dombey, are detailed and accurate 
-and must have been based on personal observation 
of cases These have been dealt with fully by 
Russell Bram m the London Hospital Gazette, 
January 1942 He is able to diagnose that Mrs 
Gargery had a severe contusion of the left tempero- 
panetal region causing jargon aphasia and word 
deafness and some traumatic dementia, with injury 
to the third or sixth cranial nerve leading to diplopia 
An equally 'detailed diagnosis of a hemorrhage 
from a posterior inferior cerebellar artery in the case 
of James Anrutage, alias Trevor {The Gloria Scott ) 
could be made from the pages of Conan Doyle, but 
perhaps this is an unfair addition as medical authors 
have been excluded Even so, readers who look for 
it may be surprised by the amount of accurate 
medical detail m the Sherlock Holmes stones 
Major Sholto died from left ventncular failure, and 
orthopnoea is nghtly emphasized as a leading 
symptom “When we entered his room he was 
propped up with pillows and breathing heavily 


grasping our hands he made a remarkable statement 
in a voice broken as much by emotion as by 
pain At this instant a-homble change came 

over Jhis expression — his eyes stared wildly, his jaw 
dropped, and he yelled, ‘Keep him out’ tie 
rushed to the window and when we returned his 
head had dropped and his pulse ceased to beat ” 
{The Sign of Four) No wonder his son, Thaddeus 
Sholto, became hypochondriacal about his mitral 
valve 

The other is a good description of an aortic 
aneurysm When Jefferson Hope was arrested he 
remarked that he might not live for the trial “ It 
isn’t suicide I am thinking of, put your hand on my 
chest,” he said Watson did so and at once became 
conscious of an extraordinary throbbing and com 
motion inside The walls of his chest seemed to 
quiver as a frail building would when some powerful 
engine was at work In the silence of the room he 
could hear a dull humming and buzzing noise which 
.proceeded from the same source Watson drag 
nosed an aortic aneurysm and the diagnosis was 
confirmed by his death from its rupture that after 
noon {The Study jn Scarlet) 

I have dealt more fully with these medical aspects 
in the Guy's Hospital Gazette (Vol 48, p 524, 1934 
and Vol 49, p 2 and 27, 1935) 

Maurice Campbell 
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The gradually increasuig importance of phono- 
cardiography creates problems that at times are 
difficult to solve — among them, that of deciding 
whether the complexes revealed by a tracing are 
still within normal limits Therefore, knowledge of 
exact normal data is of interest as a basis for the 
study of clinical tracings 

Many authors studied the normal heart sounds 
between 1907 and 1937 Their data have been 
reviewed and can be found in a comprehensive work 
by Rappaport and Sprague (1942) As, however, 
those studies were made by means of various 
techniques, any comparison with our data is im- 
possible and then detailed quotation needless 
The only article that dealt with the same problem 
and used a similar technique is by Rappaport and 
Sprague (1942) Our study was made by means of 
the stethoscopic microphone, therefore, reference 
will be made only to data obtained by those authors 
using this microphone 

Rappaport and Sprague studied 33 normal 
persons between the ages of 19 and 38, and gave the 
maximal and minimal duration of the heart sounds 
recorded at the apex (Table I) No average data 
were given by them 

While these data are extremely useful, they are 
not sufficient for clinical studies because (a) they 


refer to only one age group, ( b ) they give only the 
total duration without breaking down the sounds 
into their various phases, and (c) no average figures 
are given For these reasons, an additional, more 
comprehensive study was considered necessary 

The Main Phases of the Cardiac Sounds 

As known, the first and second sounds are 
actually “ noises,” consisting of various vibrations 
having different frequencies Both the first and the 
second sounds are caused by four different factors 
Four different components were, therefore, described 
in both the first (Orias and Braun Menendez, 1939) 
and second sounds (Rappaport and Sprague, 1941 
and 1942) 

The systematic clinical use of phonocardiography 
convinced one of us (Luisada) of the extreme 
variability of the complexes of the heart sounds 
even in normal subjects In many of these, separa- 
tion of the complexes into four components is 
impossible On the other hand, the occasional 
observation of cases where the large vibrations of 
either the first or the second sound are far more 
numerous than in the average tracing forces one 
to know not only the overall duration of the sounds 
but also the duration of their individual components 
For this reason, while we fully recognize the accuracy 


TABLE 1 

Data of Rappaport and Sprague 



First sound Second sound 

(sec ) (sec ) 

Third sound ^ Interval IT-III 
(sec ) (sec ) 

Maximum duration 

Minimum duration 

0 165 0 145 

: 0 105 0 085 

1 1 ! 

0 085 0 240 

0 030 0 160 

1 


* Member of the Instituto Nacional de Cardiologia de Mexico 
t Dept of Medicine, Faculty of Medicine, Santo Tomas University, Manila, Philippines 
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and the theoretical importance of dividing the sound 
complexes into many components, we think that a 
simplified system of study may have practical value 
The following description is based on purely practical 
considerations 

In both the first and second sounds, the mam part 
of the complex consists of large irregular vibrations, 
caused m the mam by valvular events, while the 
beginning and the end of the sound is formed by 
slower vibrations Therefore, division of each 
sound into three phases is relatively easy (Fig 1) 

Tables II and III show the causes of these phases 
and correlate them with the various components of 
each sound 


As will be noted, our division into components 
of the first sound is slightly different from that of 
Onas and Braun Menendez (1939) for the following 
reasons 

(a) The muscular factor gives vibrations that may 
be superimposed on all the others On the other 
hand, a slow vibration frequently initiates the first 
sound in cases of complete A-V block or auncular 
fibrillation This is due to the isometric contraction 
of the ventricles It is difficult to say whether the 
heart muscle itself is causing it or whether it is due 
to initial vibrations of the mitral and tricuspid 
valves preceding their closure 

(Z>) The valvular factor gives vibrations that 



' F,r 1 Diagram of a normal phonocardiogram recorded with a stethoscopic microphone Practical divi 

Fig 1 Diagram u slon of the first and second sounds into three main phases 

TABLE II 

Causal and Practical Division of the First Sound Complex 


Component 


Cause 


1st 

2nd 

3rd 

4th 

5th 


Auncular residual vibrations 

Vibrations due to the isometnc contrac- 
tion of the ventricles v 

VibraUons due to the closure of the A-v 
i valves 

1 Vibrations due to the opening of the semi 

Vibrations V due to the ejection of blood 
and to arterial distention 



Phase (new terminology) 

( 1st phase, or phase of the coarse, 

f initial vibrations 


V 2nd phase, or phase of the fine, 
f large vibrations 

3rd phase or phase of the coarse, 
final vibrations 
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TABLE III 

Causal and Practical Division of the Second Sound Complex 


1 

Component 

Cause 

i 

! Type of vibrations 

1 

1 

1st j 

; Vibrations preceding the closing of the 

/ Coarse 

1 


1 semilunar valves 

1 Small 

/ 

2nd 

Vibrations caused by the closure of the 

1 / Fine 

l 

1 

! semilunar valves 

; 1 Large 

1/ 

3rd 

1 

| Arterial vibrations 

i J Fine or coarse 

1 (Small 

1 May be fine 
! Usually coarse and 


4th 

Vibrations due to the opening of the A-V 
valves 

' > 


1 

! L small 

i 

j 


Phase (new terminology) 


I st phase, or phase of the coarse, 
initial vibrations 
nd phase, or phase of the fine, 
large vibrations 


3rd phase, or phase of the ter- 
minal vibrations 


often are clearly separated (Fig 2 and 3) and may 
even cause an audible splitting of the sound Both 
A-V valve closure and semilunar valve opening are 
accompanied by rapid large vibrations The latter 
are clearly separated from the following vibrations 
of vascular origin 

On the contrary, the theoretical division of the 
second sound into four components, as made by 
Rappaport and Sprague, is exact and should not be 
changed It should be pointed out, however, that 
the vibration due to the opening of the mitral valve 
may become audible even in normal subjects and 
give a high wave on the tracings, as reported by one 
of us (Luisada, 1943 and 1948) and shown by 
Fig 4 


Results of the Study 

Our study was based on the private collection of 
one of us (Luisada), consisting of over 1500 phono- 
cardiograms Cases with a clinical diagnosis of 
heart disease, an abnormal electrocardiogram, or 
a recorded murmur were excluded This left 185 
cases which, grouped by age, were divided as follows 

(a) 4 cases of fcetal sounds recorded during 
various stages of pregnancy 

( b ) 1 case below 4 years of age 

(c) 2 cases between 4 and 10 years of age 

(d) 7 cases between 1 1 and 20 years of age 
(c) 56 cases between 21 and 40 years of age 
(/) 38 cases between 41 and 60 years of age 
(g) 17 cases above 60 years of age 



F '° 2 Monocardiogram of a normal subject, aged 24 years The first sound presents two higher 

vibrations in phase 2 







LUISADA , MENDOZA, AND ALIMURUNG 


On account of the small number below 10 years of 
age, the average figures were made only for those 
above that age In each case, the study was made 
on phonocardiograms recorded by means of a 
Stetho-cardiette and a stethoscopic microphone 
with a large funnel *, only tracings recorded at the 
apex (181 cases) and at the aortic area (73 cases) 
were considered (fatal sounds excepted) 

The data that were measured were as iollows 

(1) Duration of the auricular sound from begin- 
ning to end 

(2) Total duration of the first sound, from the 
beginning of the coarse initial deflection to the end 


of the last coarse vibration of vascular origin f 

(3) Partial durations of the three phases of the 
first sound (coarse initial vibrations, high and fine 
central vibrations, and coarse final vibrations) 

(4) Total duration of the second sound, from the 
beginning of the coarse, initial vibrations to the end 
of the coarse final vibrations 

(5) Partial duration of the three phases of the 
second sound (coarse initial vibrations, high and 
fine central vibrations, and coarse final vibrations 
including the opening sound of the mitral valve) 

(6) Interval between the beginning of the auricular 
sound and the beginning oi the first sound (a-I) 



p IG 3 — Phonocardiogram of a boy of 15 years Loud auricular sound very close to the first 
sound third sound In this case, an arbitrary setting of the beginning of the first sound 
at the peak of R wave of the electrocardiogram would have been necessary as no clear 
cut division exists between auricular and first sounds 


* In the adults, a funnel having 5 cm of diameter was used in children, a smaller funnel having a diameter of 
3 7 cm was preferred 

fn such cases, the peak of the R wave of the electrocardiogram was taken as the rotation 
of the first sound as an arbitrary and practical reference which may entail a slight error 





Fig 4 — Phonocardiogram of a normal woman of 33 years Two higher vibrations are present 
in phase 2 of the first sound The second sound includes a high vibration (os) at the 
opening of the mitral valve 

The subject has been followed for eight years since this tracing and repeated phono- 
cardiograms recorded. No heart disease was ever recognized Subsequent tracings in- 
dicated a more conventional aspect of the second sound 


(7) Interval between the peak of the largest 
oscillation of the second sound and the beginning 
of the third sound (II— III) 

The results of the study are reported in the follow- 
ing tables Occasional small differences occur 
between the average figure of the total duration of 
the first or second sound and the average sum of the 
three phases of each This is due to the fact that 
the first phase was measured only in a percentage 
of cases (indicated in parenthesis) while in others, 
with no visible vibration occurring in that phase, 
no measurement was possible 
A summary of the protocols of our observations 
is gnen here Table IV shows the average duration 
of the heart sounds and their phases and Table V 
indicates the extreme variations of these sounds 
The average length of the first sound above the age 
of 10 was found to be 0 146 sec at the apex and 0 140 
see at the aortic area 

The a\crage length of the second sound in the same 
conditions n as found to be 0 097 and 0 104 sec. 


respectively That of the third sound was found 
to be 0 059 and 0 042 sec 

The average interval separating the beginning of 
the auricular sound from that of the first sound was 
found to be 0 058 sec for both areas, while that 
separating the main oscillation of the second sound 
from the beginning of the third, 0 15 sec at the 
apex and 0 17 sec at the aortic area * 

The extreme variations of the first and second 
sounds are indicated m Table V Between the ages 
of 11 and 20, the first sound varied from 0 12 to 
0 16 sec at the apex and from 0 II to 0 16 at the 
aortic area, and the second sound, from 0 08 to 
0 18 sec at both areas 

Between the ages of 41 and 60, the first sound 
varied from 0 07 to 0 22 sec at the apex and from 
0 09 to 0 22 sec at the aortic area, and the second 
sound, from 0 05 to 0 16 and from 0 06 to 0 14 
sec , respectively 

* The latter figure was obtained on a small percentage 
of the cases (9 per cent) 
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TABLE IV 


Average Duration of the Heart Sounds, their Phases and their Intervals * 


Age groups (years) 

First Sound (sec ) 

Second sound (sec) 

Ill 

sound 

(sec) 

a-I 

(sec) 

11-111 

(sec) 

Total 

1st 

phase 

2nd 

phase 

3rd 

phase 

Total 

1st 

phase 

2nd 

phase 

3rd 

phase 

Foetal sounds 

WM 


0 025 



0010 

0 027 

0 020 




Below 4 

H 

— 

0 040 


0 060 

— 

0 020 

0 040 


— 

— 

4-10 


— 


0 080 






0 050 

0 060 

012 



H 

0 070 

0 065 

UJIi 




0 040 

0 060 

014 

11-20 

0 147 


0 069 

0 071 


0018 


0 056 





0 147 


0 064 

0 066 

0 120 

0 020 

0 034 

0 056 

— 


— 

21-40 

0 146 


0 063 

0 078 



0 028 

0 069 

0 061 




0 145 


0 060 

0 071 

0 114 

0018 

0 043 

0 055 

0 043 


018 

41-60 

0 149 


0 057 


0 097 

0016 

0 024 

0 068 

0 057 

0 06) 

018 


0 144 


0 064 

0 068 


0013 

0 040 

0 053 

0 040 

0 052 

019 

Above 60 

0 141 


0 050 


0 087 

0 020 

0 025 

0 053 



0-050 



0 123 


0 063 

0-054 

0 085 

0010 

0 038 

0 044 

— 

0 060 

— 


0 146 

0 020 

0 060 



0018 

0 023 

0 061 

0 059 


015 

Overall averages for ages 

— 

(46%) 


— 

- 

(46%) 

— 

— 

(50%) 

(78%) 

IPI 

above 10 years ^ 

0 140 

0 020 

0 063 

0 065 

Una 

0 015 

0 039 

0 052 

0 042 


WH(m 

I 

— 

(55%) 

— 

— 


(38%) 



— 

(9%) 

(45%) 

(9%) 


* Note The top figures refer to measurements at the apex, the figures below are those from the aortic area 


TABLE V 

Extreme Variations of the Heart Sounds and their Main Phases 



1 

1 

1 

First sound 

1 

1 


Second sound 



1 Maximum (sec ) 1 

Minimum (sec ) ! 

Maximum (sec ) 1 

Minimum (sec ) 

Ages 

Total 

j duration 

r 

2nd Phase f 

Total 

duration 

1 

2nd phase 1 

Total 

duration 

j 2nd phase j 

Total 

duration 

I 2nd phase 

^ LJ — 

o o o 

0 16 

0 22 

0 22 

0 12 > 
0 10 
. 0 10 

0 12 

0 09 

0 07 

APEX 

004 

0 02 1 
■ 0 03 1 

0 12 

0 18 

0 16 

004 

0 08 , 
0 05 I 

0 08 

004 

0 05 

0 01 

0 01 

0 01 

11-20 

21-40 

41-60 

i 0 16 

0 22 
j 0 20 

i 

1 0 08 
| 0 10 

009 

1 

AORTIC ART A 

011 1 o 06 1 

0 10 0 03 1 

0 09 0 04 

0 12 

0 16 

0 14 

004 

0 10 , 
j 0 06 i 

0 08 

0 08 

0 06 

0-03 

0-03 

0-02 

1 
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At the apex, the maximum duration of the second 
phase, that of the large oscillations, was found to 
be 0 12 sec for the first sound and 0 04 sec for the 
second sound m the younger age group, 0 10 and 
0 08 sec, respectively, for the group between 21 
and 40, and 0 10 and 0 05 sec for the older age 
group At the aortic area, these same oscillations 
measured 0 08 and 0-04 sec for the first group, 

0 10 sec for both sounds, for the second age group, 
and 0 09 and 0-06, for the group between 41 and 60 
On the other hand, the average duration of this 
phase was found to be 0 06 sec for the first sound 
and 0 023 sec for the second, at the apex, and 
0 063 and 0 039 sec , respectively, at the aortic area 

Discussion 

A comparison of our data with those of Rappa- 
port and Sprague (1941, 1942) shows that our 
figures were found to be longer for both sounds 
and also for maxima and minima This may be 
explained partly by the larger number of subjects 
studied and partly by the different way of measuring 
the sounds which, in our case, is illustrated by 
Fig 1 

We believe that breaking the sounds into three 
phases provides an easier and more rapid method 
of determining the length of the most important 
phase, that of large oscillations, which are chiefly 
connected with valvular events of the heart * 

As a study of the protocols will show, a total 
duration of the sounds (chiefly of the first sound) 
that far exceeds the average is found in only a few 
stray cases This total duration is increased because 

* Whenever an accurate break-down of the sounds 
into their components is necessary because the phono- 
cardiogram is used as a time reference for other tracings 
(cardiogram, phlebogram, pneumocardiogram, or fluoro- 
cardiogram), the division should follow the Lines pre- 
viously indicated by Onas and Braun Menendez and by 
Rappaport and Sprague with the slight modification 
indicated in Table II for the first sound complex 


the third phase, mainly due to coarse vascular 
vibrations, is longer than average This observation 
increases the importance of separately measuring 
the three phases of each sound 

Summary and Conclusions 
The authors have studied the duration of the 
heart sounds and their intervals in a senes of 
phonocardiograms recorded in 185 normal subjects, 
making use of a stethoscopic microphone 
The difficulty m the measurement of the normal 
heart sounds led the authors to propose a new 
practical division of these in the phonocardiogram 
for general clinical work Both the first and the 
second sounds are divided into three phases — the 
first phase of small and slow vibrations, the second 
of high and rapid vibrations, and the third of small 
and slow vibrations 

A sound should be considered abnormal not only 
when its total duration is prolonged but also when 
the duration of the phase of large vibrations is 
beyond the maximum normal duration of that phase 
For each of the various age groups, total duration 
and partial durations of the sounds were measured 
by the authors Maximum and minimum and 
average figures are given The intervals between 
auricular sound and first sound, and those between 
the second and third sounds are also studied in the 
various age groups 
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An equipment was required that would enable a 
number of students to listen simultaneously in 
auscultation of a patient’s chest The method 
adopted is to pick up the sounds by means of a 
microphone held on the chest, amplify them elec- 
trically, and reproduce them at a loud-speaker The 
problem differs from that of phonocardiography in 
two main respects first, the subjective effect on the 
listener must be as similar as possible to ausculta- 
tion with a stethoscope, which means that certain 
components of the sounds, too small to affect the 
phonocardiograph record, must be faithfully repro- 
duced, and at the same tune frequencies that are 
not well picked up by a stethoscope must be corre- 
spondingly attenuated by the electrical system, and 
secondly, oscillation (“ howling ”) is liable to occur 
due to the microphone picking up the air-borne 
sound from the loud-speaker 

There is also a fundamental difficulty The rela- 
tive sensitivity of the human ear to different fre- 
quencies depends on the amplitude of the sound, so 
that if, by one setting of the amplifier, a student at 
a certain distance from the loud-speaker hears 
exactly what he would hear with a particular stetho- 
scope, another at a different distance will not get the 
same subjective effect If a high standard of fidelity 
is demanded, this fact probably limits the method to 
fairly small groups 

Again, students at a little distance from the 
patient are at a disadvantage with regard to dis- 
crimination, conscious or subconscious, against 
sounds due to accidental movements of the chest- 
piece on the skin, and to discrimination agamst 
breath sounds when listening to heart sounds and 
murmurs, because they cannot see small movements 
Thus it might be that the best results would be ob- 
tained by a compromise that sacrificed fidelity 
slightly in order to reduce the relative amplitude of 
such sounds 

Finally there are 


very low frequencies of the important sounds, which 
go below the range of a’l but the best commercial 
acoustic equipment, and due to the great range of 
amplitude from the large very low-frequency com 
ponents of the first heart-sound to the smallest 
audible murmur 

In the equipment described in thispajoer, the mam 
difficulties have been overcome, and satisfactory re 
production is believed to have been achieved for at 
least twenty students at a time No actual teaching 
has been done with the equipment at the time of 
writing The total cost, apart from time, was about 
£70 


Discussion of the Problem in the Light 
of Previous Worr 

The equipment is required to pick up from the 
chest normal and pathological cardiac and respira 
tory sounds, and to reproduce them by a loud 
speaker to give as nearly as possible the same effect 
as auscultation with a stethoscope Extraneous 
sounds, such as those due to friction on the skin and 
air-borne sounds of all kinds, are not required and 
should be reproduced as little as possible consistent 
with the mam requirement For the design of the 
equipment, therefore, information is required on the 
frequency response of stethoscopes and on the range 
of frequency covered by the wanted sounds The 
equipment should be designed so that the frequency 
response is the same as that of a stethoscope over 
this wanted range of frequency, and outside this 
range the less the response the better 

Cabot and Dodge (1925) studied the frequency 
distribution of heart and breath sounds, mainly 
pathological, over the range 30 to 2600 els, by a 
method that is directly applicable to the present 
problem They switched different filters in turn into 
their amplifier and listened for any change in the 
quality of the sounds as reproduced by it They 


technical difficulties due to the 

* Vans Dunlop Scholar in Physiology, University of Edinburgh 
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found that all components of heart sounds and mur- 
murs were below 1000 c/s, and most were below 
660 c/s The lower limit was in some cases 120 c/s, 
but in others there were components down to the 
lower limit of their apparatus Breath sounds were 
almost entirely within the range 120 to 1000 c/s At 
the date of their work the electrical equipment can 
hardly have been good enough to give a high stan- 
dard of fidelity Brooker (1946), who describes the 
equipment used in making gramophone recordings 
for Stokes (1946), found that although most of the 
energy m the sounds was below 1 500 c/s, an amplifier 
that cut off above 2000 c/s did not give perfect repro- 
duction, and he used one which went up to 4500 c/s 
in spite of the accompanying disadvantage of in- 
creased background noise The lower limit of his 
amplifier was 30 c/s, but he believed that lower fre- 
quencies were present and influenced the total sub- 
jective effect 

Mannheuner (1940) has analysed heart sounds and 
murmurs m normal children and children with con- 
genital heart disease He used amplifiers incor- 
porating combinations of good filters with measured 
characteristics, covering a number of frequency 
bands, the lowest being 0 to 100 c/s and the highest 
500 to 1000 c/s In different cases he found com- 
ponents both of normal sounds and of murmurs in 
all his frequency bands His apparatus (which was 
primarily for phonocardiography) cut off all com- 
ponents above 1000 c/s, and this he found advan- 
tageous in reducing the effect of air-borne dis- 
turbances 

The absolute measurement of the frequency 
response of a stethoscope is difficult In the con- 
ditions in which it is used, the frequency response 
depends not only on the design of the instrument 
itself, but also on the degree of acoustic mis- 
matching both where the sound is transferred from 
the patient’s body to the chest-piece and where it is 
transferred from the ear-pieces to the physician’s 
cars, and unless special precautions are taken the 
degree of mis-matching at one or both places will be 
different under the conditions of the experiment from 
that under practical working conditions It is of 
course also necessary to know and correct for the 
frequency response of the source of sound (e g a 
loud-speaker), and of the microphone and other 
apparatus used for measuring the amplitude trans- 
mitted by the stethoscope No account has been 
found of a measurement of this kind m which a full 
technical description of the apparatus has been given, 
and it seems likely that authors have failed to realize 
the importance of reproducing exactly the acoustical 
mis match which occurs in practice A technique in 
which these matters are fully taken account of, is 
described m a Medical Research Council Special 


Report (1947), and was used for measuring the per- 
formance of hearing aids Some such technique 
could be applied to measurement of the frequency 
response of a stethoscope, but as far as I know' this 
has not been done 

Rappaport and Sprague (1941) have attempted to 
measure the frequency response of stethoscopes and 
give a theoretical response curve for an amplifying 
stethoscope which should reproduce the effect of 
“ a theoretically average acoustical stethoscope,” but 
it does not seem that their technique was adequate 
for the reasons just discussed Their curve falls 
off steadily from 200 c/s downwards, to— 20db at 
30 c/s 

Comparison of the effects of different stethoscope 
chest-pieces is not so difficult By putting a source 
of sound m the heart of a cadaver and applying the 
different chest-pieces to the chest, Johnstone and 
Kline (1940) closely simulated the conditions of 
clinical use as far as the acoustical mis-match at that 
end was concerned They compared different 
stethoscopes over the range 20 to 800 c/s, and from 
their curves it appears that the mam effect of a dia- 
phragm, compared with an open bell, is to attenuate 
the lower frequencies and so increase the relative 
high-frequency response 

Many whole loud-speaker equipments for teaching 
are mentioned in papers from 1920 onwards, but 
usually without precise information about frequency 
response Gamble and Replogle (1924) describe the 
apparatus used by Cabot (1923), and Gamble (1924) 
describes improvements to the apparatus and the 
results of experience after a few months’ use Their 
trials with loud-speaker reproduction were unsatis- 
factory, and they used a telephone type of output 
device to which an ordinary stethoscope was applied 
They found that a filter cutting off sounds above 
660 c/s gave the best results for routine use, and that 
additional filters were useful for accentuating par- 
ticular sounds and murmurs, m particular one 
passing frequencies below 140 c/s and one passing 
frequencies above 1 30 c/s Rappaport and Sprague 
(1941) discuss the reasons for poor results with loud- 
speaker equipments, and emphasize the importance 
of adequate loud-speaker power-handling capacity 
and freedom from resonances, as well as correct fre- 
quency response of the whole equipment The 
advantages of loud-speaker reproduction for teach- 
ing purposes are discussed by Hennques (1937) 

As regards choice of microphone, since the intro- 
duction of the piezo-electnc crystal microphone this 
has been unanimously accepted as the best type for 
the purpose (e g by Sacks and Marquis (1935) and 
Rentschler (1936), etc ) My own experiments with 
a few other types which happened to be available 
agree with this 
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Characteristics Required for the Equipment 

The simplest method of getting a controlled fre- 
quency response is to use a microphone and a loud- 
speaker that both have a response approximately 
independent of frequency over the range concerned, 
and to incorporate suitable filters in the amplifier 
The range to be covered is from about 30 c/s up to 
at least 1000 c/s, and probably up to 4000 c/s 

A piezo-electnc crystal microphone covers the 
frequency range satisfactorily, but because of its 
high impedance it is necessary to keep the capacity 
of the lead to the first stage of the amplifier low (m 
the region of 0 0001 microfarad) in order to maintain 
the response at the upper end of the frequency range 
The amplifier input impedance must be high, suit- 
able input circuits are given in Radio Designer's 
Handbook, chapter XI It is desirable to separate 
the amplifier from the microphone so that the latter 
can be mounted in a small light unit, to be placed 
directly on the chest High sensitivity to vibrations 
from the chest-wall, and low sensitivity to air-bome 
sound and to friction on the case, are required 

The loud-speaker must have a response maintained 
to the lowest audible frequencies, and portability 
is an advantage It must be free from resonances 
in the lower audio-frequency range, and must also 
have a power-handling capacity much greater than 
the mean power to be broadcast, because the very 
large amplitude low-frequency components in the 
heart-sounds, which are almost inaudible themselves 
because of their low frequency, cause chattenng or 
booming in a small loud-speaker 

The amplifier must have a response maintained up 
to about 4000 c/s, and down to the lowest audible 
frequencies, though some falling off below 200 c/s is 
probably required to simulate a stethoscope fre- 
quency response Adjustable filters are required to 
reduce the low-frequency response and simulate a 
diaphragm stethoscope, and to reduce the high-fre- 
quency response and discriminate against extraneous 
sounds, which tend to have higher frequencies than 
the wanted sounds Further adjustment of the fre- 
quency response is desirable so that an attempt may 


be made to emphasize a particular sound or murmur 
The filter and volume controls must be early enough 
in the amplifier circuit to avoid “ limiting” at any 
stage, but as late as possible, consistent with this, to 
give quietness in operation These controls should 
be within reach of the physician who holds the chest 
Piece The distortion-free output of the amplifier 
need not be as great as the power-handling capacity 
of the loud-speaker, because the largest amplitudes 
are at frequencies that are very little heard as 
sound and do not need to be faithfully reproduced, 
indeed, a certain degree of relative reduction of the 
largest amplitudes is probably desirable 
Finally, simplicity of operation is important in an 
equipment to be used for teaching 


Description of the Apparatus 

Apparatus has been assembled that fulfils very 
nearly the requirements set out m the previous 
section The block diagram (Fig 1) indicates the 
arrangement of the different units A small micro- 
phone is used like a stethoscope chest-piece, and its 
output is carried by 6 feet of rubber-protected 
screened wire to the pre-amplifier This is housed 
in a metal box 6 x 6 x 2\ inches, which also con 
tarns the volume control and the tone-control filters 
This box lies on the bed or a locker, and the three 
controls, treble, bass, and volume, are operated by 
rotating knobs Thus all the control can be done by 
the physician who handles the microphone The 
output from the pre-amplifier and the power supplies 
to it arc earned by a multi-core cable 1 1 feet long, 
connecting it with a larger box 17 x 10 x 9 inches, 
which contains the main amplifier and all the power 
supply (The whole apparatus is supplied from 
A C mains ) The output is led to the loud-speaker 
by 20 feet of twin flex, with an optional extension of 
another 35 feet The loud-speaker cabinet is of 
wood, and measures 31 X 18 X 18 inches 

Microphone The microphone at present in use 
consists of a small piezo-electnc crystal unit mounted 
at the apex of a hollow cone turned out of a cyhn- 



Fig 1 — Block diagram of the complete loud speaker stethoscope 
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dncal block of brass This is chromium-plated, and 
is held in the hand in direct contact with the chest 
The diameter of the orifice is 1 inch, the total weight 
is 5 oz Noises due to friction are no worse than 
with an ordinary stethoscope Provided the micro- 
phone is m contact with the skin all round its rim, 
there is little tendency to “ howl,” and in most cases 
“ howling ” is not the factor that limits the maximum 
useful amplification The frequency response of this 
type of microphone (without moving parts other 
than the crystal itself) can be made practically uni- 
form, but here it is being used with a lower amplifier 
input impedance than is recommended, which prob- 
ably reduces the response at the lower frequencies 

It is intended to try other types of crystal micro- 
phone, as further improvement may still be possible 

Amplifier A high-quality audio-frequency ampli- 
fier* was modified to suit the special requirements 
It consists of two tnode stages as pre-amplifier 
giving a voltage gam x 850, followed by a filter cir- 
cuit with treble and bass controls and middle-fre- 
quency attenuation — 10 (20db), a potentiometer 
volume control, an amplifier and phase-splitter stage, 
and a push-pull power output stage The amplifier 
gives an output of 12 watts for an input to the first 
stage of 20 millivolts r m s The input impedance 
(first grid leak) is 1 5 megohm 

* The amplifier “ QA12/P,” supplied by The Acous- 
tical Manufacturing Co Ltd , Huntingdon 


The principal modification required was in the 
filter circuit, which is shown in its final form in Fig 
2 It is a resistance-capacity network with separate 
high-frequency and low-frequency controls, which, 
in the modified circuit, are not entirely independent 
in their effects The frequency response curves for 
the middle and extreme settings of the two controls 
are shown in Fig 3 and 4 

The filter controls and the volume control are 
silent in operation No trouble was encountered 
from valve noise or microphony In the cable con- 
necting the pre-amplifier to the mam amplifier there 
was considerable pick-up of hum from HT and 
LT supplies, which was overcome by additional 
smoothing in the case of the former, but for the 
L T a separate transformer was necessary, as spikes 
at 200 c/s recurrence were generated in the main 
transformer and were picked up by the signal lead 
from the heater leads With these alterations, the 
hum from the equipment itself is barely audible, and 
the measured level in an electrical laboratory was 
80 mv r m s across the 15-ohm output, part of this 
being due to pick-up from other sources 

Loud-speaker The loud-speaker is a 15-ohm, 
15-watt, 12 inch unit in a special cabinet mounting * 
This type of mounting is probably the best to com- 
bine robustness and portability with a good low- 

* “ Labyrinth Loud-speaker, Type SL 1 5,” supplied by 
The Acoustical Manufacturing Co Ltd., Huntingdon 
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Fig 3 — Frequency response curves of amplifier to show the effect of the bass control 


Full curves treble control central 

(1) Bass control also central 

(2) Bass control set at minimum 

(3) Bass control set at maximum 
Broken curve both controls set at minimum 


frequency response The published performance 
curve indicates a response that is practically inde- 
pendent of frequency down to 35 c/s, with no 
significant resonances 

There is a slight tendency to boom at the first 
heart-sound, and this is m most cases the factor 
that limits the maximum volume consistent with 
good reproduction 

Connection to the loud-speaker is made by means 
of 20 fee t of twin flex, with a jack which is plugged 
into the mam amplifier box An extension of 35 
feet of twin flex is available, with a jack socket at 
one end and a plug at the other Each socket is 
arranged to leave a 15-ohm load across the output 


when the corresponding plug is removed, so that 
there is no danger of leaving the output transformer 
unloaded 

Results 

The equipment gives a very close approach to the 
effect of auscultation with a stethoscope, m a quiet 
room large enough for twenty people For ausculta- 
tion over the praecordium the apparent loudness can- 
not usefully be increased much above that heard with 
a stethoscope because distortion of the sounds begins 
to occur A variety of pathological murmurs base 
been listened to, and these as well as the normal 
sounds are satisfactorily heard On the whole, \er> 
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Fig 4 -Frequency-response curves of amplifier to show the effect of the treble control 
Full curves bass control central 

(1) Treble control also central 

(2) Treble control set at minimum 

(3) Treble control set at maximum 
Broken curve both controls set at minimum 


faint murmurs are not more easily picked up with 
the loud-speaker than with a stethoscope, but simul- 
taneous auscultation will allow each student to 
listen for a much longer time than he would other- 
wise be able to do, and so increase his chances of 
picking up a difficult murmur 
For auscultation of breath sounds the volume can 
be considerably increased without distortion, and 
oth normal and pathological sounds are picked up 
much more easily than with a stethoscope The 
volume can then of course be reduced to simulate a 
stethoscope more exactly 


■SUMMARY 


sois nn 0 H b,C r mS 0f clcctncal amplification of i 

t h corcl i calK° -i n d° U P ? USCultat '°" are discussed 
> and with reference to previous \v< 


A portable equipment is described which is 
believed to be suitable for teaching groups of at 
least twenty students This consists of a crystal 
microphone, an electrical amplifier, and a loud- 
speaker, which have been arranged to give an effect 
that simulates very closely auscultation with a 
stethoscope 

The amplification, and the high- and low-fre- 
quency response of the amplifier, can be easily and 
silently controlled during auscultation The rele- 
vant frequency response curves are given 

This work was done during the tenure of a Vans 
Dunlop Scholarship in Physiology, at the University of 
Edinburgh 

The author wishes to thank Prof A E Ritchie for the 
use of his laboratory and electrical apparatus and for his 
help at all stages of the work, and Dr R W D Turner 
for providing facilities to test the equipment on patients 
at the Western General Hospital, Edinburgh 




54 


A F PHILLIPS 


Brooker, V M (1946) Med J Amt , 2, 595 
Cabot, R C (1923) J Amer med Ass , 81, 298 

, and Dodge, H F (1925) Ibid , 84, 1793 

Gamble, C J (1924) Ibid, 83, 1230 

, and Replogle, D E (1924) Ibid , 82, 387 

Hennques, C V (1937) Lancet, 1937 1, 686 
Johnston, F D , and Kline, E M (1940) Arch intern 
Med , 65, 328 

Mannheimer, E (1940) Acta Paediatr , 28, supp 2 


References 

Medical Research Council, Special Report No 261 
(1947) London, H M Stationery Office 
Radio Designer's Handbook 1st British edit p 78 
London, Diffe & Sons 

Rappaport, M B , and Sprague, H B (1941) Amer 
Heart J , 21, 257 

Rentschler, L B (1936) Science, 83, 627 
Sacks, H A , and Marquis, H (1935) Proc Soc exp 
Bio! NY, 32, 773 

Stokes, E H (1946) Med J A nst , 1946 2, 595 



THE EFFECT OF ADENOSINE TRIPHOSPHATE ON THE 
ELECTROCARDIOGRAM OF MAN AND ANIMALS 


BY 

E J WAYNE, J F GOODWIN, AND H B STONER 

From the Department of Pharmacology and Therapeutics and the Department of Pathology , 

University of Sheffield 

Received October 21, 1948 


The increasing importance of adenosine triphos- 
phate (ATP) m the field of biochemistry demands 
a dose study of its pharmacological properties 
Earlier work on the lower nucleotides and nucleo- 
sides derived from ATP showed that these com- 
pounds have important effects on the cardiovascular 
system Now that large amounts of the higher 
derivatives, such as ATP, have become available, it 
has been shown that the action of these substances 
is not confined to the cardiovascular system but 
affects all the organs of the body (Green and Stoner, 
1949) Although the effect of these compounds on 
the heart has been studied in some detail by Drury 
and his school (1936), their electrocardiographic 
observations were almost entirely confined to the 
lower members of the series In the present paper 
we propose to describe the effects of ATP on the 
electrocardiogram of man and animals The car- 
diographic method is the only satisfactory one 
available for the study of changes in cardiac rhythm 
m man We have also applied this method to the 
study of the cardiac effects of ATP in animals in 
order to determine the effects of doses higher than 
those that would have been justifiable in man and 
also to analyse these actions by procedures im- 
practicable clinically The observations m animals 
"all be reported first, then those in the human 
subjects, and finally the conclusions arrived at from 
the combined study 

I Ammal Experiments 

Early work on the effect of adenosine and its 
derivatives on the electrocardiogram has been 
well reviewed bj Drury (1936) It has been shown 
that these substances affect the conducting system, 
causing sinus slowing and A-V block In most 
animals the main effect is upon the S-A node but 
in the guinea pig the A-V node seems more sensitive 


to their action It will be seen that the action of 
ATP is on the whole similar to that of the lower 
compounds The Further actions of ATP on the 
cardiovascular system have been described bv us 
elsewhere (Green and Stoner, 1949) 

Methods Experiments were performed on 10 
cats and 1 1 guinea pigs under pentobarbitone sodium 
(nembutal) anesthesia The electrocardiogram was 
recorded with a Sanborn Viso-cardiette In the cat 
the pressure in the carotid artery was determined 
with a mercury manometer and respiration recorded 
by a tambour attached to a tracheal cannula 
Artificial respiration was used m the majority of 
the guinea pig experiments All injections were 
given into the external jugular vein and washed m 
with 1 5 ml 0 9 per cent sodium chloride from a 
burette The time of the injection was 1 sec Both 
the sodium and magnesium salts of ATP were used 
in the animal experiments, the solutions being 
prepared from BaATP (Boots) as described else- 
where (Green and Stoner, 1949) In the observa- 
tions on man the magnesium salt was used The 
purity of the ATP was checked by chemical analysis 
and found to be not less than 98 per cent The 
adenosine used was obtained from British Drug 
Houses Ltd 

Results 

Guinea Pig The effect of A TP on the conductmg 
system of the guinea pig heart was followed in 
leads I and II Two dosage levels were used — 
0 5 mg and 1 0 mg Mg ATP per kg body weight 
With the smaller dose the effect on the heart com- 
menced almost immediately after the injection and 
lasted about 21 seconds, reaching a maximum in 
6 to 9 seconds The first effects were on the sinus 
rate and the P-R interval The sinus rate was 
reduced by about 1 8 per cent and the P-R interval 
55 
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Fig 1 — To be read from left to right and from above downwards The effect of 0 5 mg MgATP 
per kg body wt , given intravenously, on the electrocardiogram (lead II) of the guinea pig under 
pentobarbitone (nembutal) antesthesia The beginning and end of the injection indicated with 
arrows Shows sinus slowing followed by ventricular arrest and 2 1 A-V block 

1 mV=l 6 cm 1 sec —2 5 cm 


was increased from an average control value of 
0 06 to between 0 09 and 0 12 second At the height 
of the effect ATP exerted a much greater action on 
the A-V node than on the S-A node and the ven- 
tricular beat was completely suppressed for periods 
of up to 3 seconds Ventricular beating then re- 
turned with 2 1 heart block progressing to normal 
rhythm (Fig 1) 

Despite these marked changes m rhythm the form 
of the complexes showed little change The only 
constant alterations seen were some depression of 
the P-Q interval giving a spiky appearance to the 
P waves and increased amplitude of the T waves 

After the larger dose of ATP the effect attained a 
maximum at about the same time after the injection 
and persisted for about 30 seconds The sequence 
of events was as before but both the sinus slowing 
and prolongation of the P-R interval were more 
marked The sinus rate was reduced by a maximum 
of about 36 per cent and the P-R interval was 
prolonged until at the height of the effect the ven- 
tricular beat was suppressed for 6 to 9 seconds 
On occasions this was accompanied by atnal asystole 
Recovery occurred as before with varying grades 
of heart block 


Changes m the configuration of the complexes 
were commoner after the larger dose of ATP 
Increased amplitude of the T wave was evident and 
low voltage QRS complexes and extrasystoles were 
also seen These extrasystoles arose from a focus 
close to, but below, the A-V node Occasional 
abnormalities which were seen, usually during the 
recovery period, were inversion of the P wave, 
auricular fibrillation, nodal rhythm, and displace 
ment of the S-T segment 

When adenosine was given in equimolecular 
amounts it had the same effect on cardiac rhythm 
as ATP Section of the vagi in the neck did not 
alter the response to ATP or adenosine 

Cat The effect of A TP on the electrocardiogram 
(lead II) of the cat was studied after the intravenous 
injection of 1 0 mg and 2 0 mg MgATP (0 3-0 5 
and 0 7-1 0 mg per kg body weight) The effects 
observed differed somewhat from those in the 
guinea-pig and more closely resembled those to be 
described in man 

The main effects after the smaller dose of ATP 
were sinus bradycardia and lengthening of the P-R 
interval The degree of sinus slowing varied but 
at the height of the effect, about 10 seconds after 
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injection, the sinus rate was usually decreased by 
about 50 per cent The effect persisted for a 
further 10 to 20 seconds by which time the rate 
had returned to normal The P-R interval in- 
creased from 0 06 to 0 09 second at the height of 
the effect The P~Q interval was depressed and 
changes constantly occurred in the T wave In 
the majority of experiments the T wave was increased 
in amplitude during the first 10 seconds after the 
injection Sometimes this change persisted for as 
long as 42 seconds and was accompanied by altera- 
tions in the level of the S-T segment (Fig 2) In 
other experiments, during the later stages of the 
ATP action, the T waves were depressed and then 
inverted 



Fig 2 — Segments of the electrocardiogram 
(lead II) record immediately before 
(A), and 15 sec after (B), the intraven- 
ous injection of 2-0 mg MgATP into a 
cat (3 0 kg body wt ) under pento- 
barbitone (nembutal) anaesthesia, show- 
ing the depression of the S-T segment 
I mV =16cm 1 sec =2 5 cm 

Similar but more marked changes occurred after 
the larger dose (Fig 3) Here the P-R interval was 
increased from an average control value of 0 07 to 
0 1 1 second Sinus bradycardia, which was still 
the main effect, was more pronounced sometimes 
leading to complete asystole, in one experiment 
there was complete asystole for 6 seconds with 
ventricular asystole for 1 1 seconds The maximum 
effect occurred about 10 seconds after the injection 
and was characteristically heralded by a run of 
about four cxtrasystoles (Fig 4) arising from a 
focus close to, but below, the A-V node The T 
wave changes were of the same type as before but 
were more evident after these larger doses 

Previous work has shown that the vagus is con- 
cerned in the cardiovascular response to ATP in the 
cat (Biclchovvshy, Green, and Stoner, 1946) In 
this animal section of the vagi in the neck or 
atropimzation diminished the effect of ATP on both 
the blood pressure and the heart, but the blood 
pressure changes were much less affected than one 
would have expected from the changes in the cardiac 
response (fig 5) For instance, in one experiment 


where the depressor response to 2 0 mg MgATP was 
35 mm Hg before vagal section, the P-R interval 
was prolonged from 0 06 to 0 10 second, and the 
sinus rate slowed from 180 to 60 beats a minute 
with complete A-V dissociation for 3 seconds 
After vagal section the same dose only prolonged 
the P-R interval very slightly, from 0 06 to 0 08 
second, and slowed the sinus rate only from 160 to 
140 beats a mmute without dissociation, neverthe- 
less the blood pressure fell by as much as 22 mm Hg 
Although inactivation of the vagi greatly reduced the 
effect of ATP on cardiac rhythm it did not alter its 
action on the configuration of the complexes nor 
prevent the appearance of extrasystoles 

Prostigmine had the opposite effect to vagal 
section and greatly potentiated the action of ATP 
on cardiac rhythm in the cat (Fig 6) In a normal 
cat 2 0 mg MgATP, injected intravenously, length- 
ened the P-R interval from 0 08 to 0 12 second, 
and produced complete asystole for 3 seconds In 
the same cat, after intravenous injection of 0 125 mg 
prostigmine, the same dose of MgATP lengthened 
the P-R interval from Oil to 0 14 second and pro- 
duced complete asystole for 18 seconds followed 
by a slow return to normal beating At the same 
time the depressor response was increased This 
effect of prostigmine could be prevented by vagal 
section 

In the cat the rate changes produced by ATP 
were not reproduced by equimolecular amounts of 
adenosine until after section of the vagi when the 
effects were similar 

Effect of Magnesium The influence of intra- 
venous magnesium sulphate on the response to 
ATP was tested in both guinea pig and the cat in 
view of previous work on the effect of this ion on 
nucleotide action (Green and Stoner, 1944, Biel- 
chowsky. Green, and Stoner, 1 946) The alteration 
in the response after Mg was more easily interpreted 
in the guinea pig since the vagus is not implicated in 
that animal As shown in Table I, the effect of 
intravenous magnesium sulphate was to increase the 
effect of ATP on the cardiac rhythm Mg TT had 
a similar influence on the action of ATP on the 
cardiac rhythm of the cat but in that animal the 
effect was complicated by the anaesthetic action 
of Mg'" 1 ' on the vagus Small doses of Mg T_r , 
however, increased the effect of ATP on the P-R 
interval and the duration of the effect The pro- 
longation of the action of A TP on cardiac rhythm 
was not the only effect of Mg'" on the ATP 
response, since it also prevented the appearance of 
extrasystoles 

Effect of Antimalanal Drugs Raventos (1948) 
has recently postulated that there is an antagonism 
between adenosine and the antimalanal group of 
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Fig 3 — To be read from left to right and from above downwards The effect of 2 0 mg Mg ATP given mlraven 
ously on the electrocardiogram (lead II) of the cat (2 9 kg body ivt ) under pentobarbitone anaesthesia The 
beginning and end of the injection is indicated with arrow's Shows sinus slowing, ventricular asystole and 
complete asystole with nodal rhythm during the recovery period 


(A) 0-5 sec 

(B) II-I6 sec 

(C) 16-22 sec 

1 mV=l 6 cm 


(D) 22-27 sec 

(E) 45-50 sec 

(F) 55-60 sec 

1 sec =2 5 cm 


drugs since he found that the cardiac effects of 
adenosme were less after the previous administration 
of quinine, mepaenne, pamaqum, and paludnne 
In the guinea pig heart lung preparation he found 
that paludnne, added directly to the circulating 
blood, did not antagonize the action of adenosine 
but that the blood of guinea pigs treated with palu- 
dnne did have this effect 
In part we have been able to confirm these findings 
In the cat, the intravenous or intramuscular injection 
of quinine sulphate (25 mg per kg body weight) 
does decrease the effect of ATP on the heart and 


blood pressure In the guinea pig also, quinine 
sulphate (15 mg per kg body weight) decreases the 
effects of adenosine and ATP on the heart In our 
hands paludnne hydrochloride has behaved differ 
ently and when doses in the therapeutic range have 
been given intravenously over a period of half an hour 
no change was observed in the electrocardiographic 
response to ATP in the cat or guinea pig I ( 
only when the dose was raised to the limits o 
tolerance (60 mg per kg body weight) that an) 
alteration in the response was observed and then t e 
changes were only slight and equivocal 
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Pig 4 — Segments of the electrocardiogram (lead II) record immediately before (A), and 5 sec 
after (B), the intravenous injection of 2 0 mg MgATP mto a cat (2 1 kg body wt ) under 
pentobarbitone (nembutal) anesthesia Shows the characteristic run of nodal extrasystoles 
preceding the full action of the MgATP 

lmV=lccm 1 sec =2 5 cm 



Fig 5 —To be read from left to right and from abo\e downwards The effect of 2-0 mg MgATP 
giscn intravenously on the electrocardiogram (lead II) of a cat (2 7 kg body wt ) under pento- 
barbitone (nembutal) ana^thesia, (A) before and (B) after the intravenous injection of 0 75 mg 
atropine sulphate per kg body wt The beginning and end of the injection of MgATP indicated 
with arrows 

(I) 0-5 sec (2) 11-16 sec (3) 0-5 sec (4)ll-16sec 

Shows the decrease in the degree of sinus slowing produced by MgATP after paralysis of the 


I mV= I 6 cm 


1 sec =2 5 cm 
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TABLE I 

The Effect of Intravenous Magnesium Sulphate on the Cardiac Response to ATP in the Guinea Pig 


Dose 

No 

Duration 
; of effect 
(sec) 

P-R interval 
; (sec) 

Sinus rate 

Beats per minute 

Ventricular rate 

Beats per minute 

Before 

Injection 

After 

Injection 

Before 

Injection 

After 

Injection 

Before | 

Injection | 

After 

Injection 

1 

18 


009 

220 i 

180 

220 | 

80 

2 

18 

0-06 

009 

200 i 

180 

200 

too 

3 

31 

0 11 

0 16 

120 

60 

120 

20 

4 

36 

0 10 

0 18 

120 

80 

120 

0 


The table shows the effect of successive doses of Mg ATP (0 5 mg per kg body weight) on the P-R interval, and 
sinus and ventricular rates, before and after intravenous doses of magnesium sulphate 

Between doses No 2 and 3, 3 0 ml MgSO t 0 154 M given i v and between doses No 3 and 4, 2 0 ml MgSO, 
0 154 Mi v 



anaesthesia under varying conditions 

(A) Effect of Mg ATP alone 

(B) After intravenous injection of 0 125 mg prostigmine 

(C) As for (B) except that both vagi have been divided 

Shows the great increase in the effect of ATP after prostigmine administration, 
by division of the vagi , _ v==1 6 ^ l sec =2 5 cm 


which is prevented 


II Observations on Human Subjects 

The effect of adenyl compounds on the human 
heart has been comparatively little studied Honey, 
Ritchie, and Thomson (1930) showed that adenosine 
could produce heart block in healthy men and 


von den Velden (1932) that adenylic acid would give 
bradycardia Richards (1934a) studied the effects ol 
both adenylic acids and adenosine on the b oo 
pressure and electrocardiogram He concluded 
that the blood pressure is unaffected but that m 
some individuals heart block can be produce y 
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either compound Stoner and Green (1945) using 
the sodium and magnesium salts of ATP produced 
a rise of pulse rate With small doses and a rise fol- 
lowed by a large fall with large doses Electro- 
cardiograms were not taken but heart block was 
suspected in one case The systolic blood pressure 
was raised during the period of tachycardia and fell 
slightly during the time when the pulse was slowing 
Arteriolar dilatation occurred with a consequent 
rise of skin temperature 

ATP in the Treatment of Rheumatoid Arthritis 
Lovgren (1945) has claimed that ATP has a bene- 
ficial effect on cases of rheumatoid arthritis 
“Adynol,” a crude preparation containing 50 to 
60 per cent ATP, was given by intravenous injection 
in doses of 30 to 45 mg or by intramuscular injection 
in doses of 7 5 to 30 mg We decided to treat a 
senes of cases with a purer preparation of ATP and 
at the same tune to study the effect of this substance 
on the cardiovascular system 
The results of treatment of rheumatoid arthntis 
were most disappointing Courses of daily injec- 
tions of MgATP in doses of 15 to 30 mg were given 
for penods up to three months to 15 patients 
Several cases improved subjectively but we could not 
convince ourselves that there was any change in the 
degree of disability that would not have been 
obtained by simple rest in bed and physiotherapy 
There was no significant alteration in the erythrocyte 
sedimentation rate 

Since, as will be shown, MgATP has a profound 
effect on the conducting system of the heart and 
since it was desired to give to each patient the 
maximum tolerated dose, very frequent electro- 
cardiographic observations were made on each case 
These will now be reported 

Plan of Imestigation Seven patients (6 male and 
1 female), all with normal hearts, were chosen from 
the 15 treated for arthritis and were observed 
specifically for electrocardiographic changes imme- 
diately after injection The patient rested com- 
fortably on a couch, and control blood pressure 
readings and cardiograms were taken MgATP was 
injected intravenously, taking 6 to 12 seconds over 
the injection Blood pressure readings were taken 
at 15-second intervals, until the figures returned to 
pre injection levels Cardiograms were taken at 
the same time as the injection and contmued for 
1 minute and then for 10 seconds at half-minute 
intervals for a further minute Small doses of 
5 mg were used initially on each patient and gradually 
increased b> 5 mg at each injection up to the 
maximum tolerated dose which varied from 15 to 
40 mg (0 21-0 57 mg per kg body weight) In all, 
100 tracings were obtained in this manner from the 
7 patients selected 


Effects of Injection 

(1) Subjectne These were remarkably constant 
with doses above 10 mg Ten to fifteen seconds 
after starting the injection, the subject noted a sharp 
taste in the mouth, which was followed by hyper- 
pncea, cough, and obvious flushing of the face with 
a brief sensation of faintness and throbbing m the 
head All these effects had disappeared by the end 
of the first minute and were much less marked if 
the injection was made slowly 

(2) Blood pressure Thirty observations were 
made on four cases with doses above 10 mg A 
fall of blood pressure invariably occurred, the 
maximum being 100 mm Hg with doses of 35-40 mg 
and was usually greatest about 15 to 20 seconds 
after the beginning of the injection The blood 
pressure recovered rapidly so that two minutes later 
it was at or above the pre-mjeetion level It is 
hardly surprising that very low readings were 
obtained m cases m which asystole or pronounced 
bradycardia occurred but m several instances with 
doses giving only sinus slowing, significant falls of 
pressure were recorded which we attributed to 
arteriolar dilatation In general, the fall in systolic 
pressure was greater than in diastolic pressure but 
the latter is difficult to determine accurately in 
observations of this type The fall m systolic 
pressure was considerably greater than that pre- 
viously recorded (Stoner and Green, 1945) 

(3) Changes in the Electrocardiogram Lead II 
was used throughout the observations 

The effects of a given dose differed greatly in 
different patients but in the same patient, the 
response was sufficiently constant to enable variations 
produced by other procedures to be assessed We 
did not observe the development of tolerance In 
our observations on the effects of drugs, we always 
made at least one control observation immediately 
before gving the drug and one after the effect of 
the drug had wom off We also alvvavs used 
samples of ATP from the same batch 

Small doses (5-15 mg) of MgATP produced a 
sinus tachycardia preceded by a short period of 
sinus slowing Larger doses (15-30 mg) gave 
marked sinus slowing and always affected the 
conducting tissues producing first or second degree 
A -V block (Fig 9 A and Q Wenckebach penods 
were often observed (Fig 10A) Maximum doses 
(30-40 mg) produced similar changes of greater 
intensity with an increase m the duration of heart 
block and in the number of dropped beats Ven- 
tricular standstill (Fig 7) and complete asystole 
were observed m two patients These effects are 
similar to those seen in the guinea pig (Fig 1) The 
results in Case 1 are summarized in Table n 

With the doses used, changes in the shape of the 
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Fio 7 — Case IV Effect of intravenous injection of Mg ATP on the electrocardiogram (lead ID 
Shows ventricular standstill for 5 5 sec occurring 14 sec after injecting 19 mg MgATP 
1 mV=l cm 1 sec =2 5 cm 


TABLE II 

Results obtained in Case I 


Dose 

of 

Other drugs 

Maximum 
increase 
in P-R 

Wenckebach 

phenomenon 

1 

Number 

of 

dropped 

Duration 

of 

block 

Sinus 

slowing 

Remarks 

MgATP 


interval 


beats 



(Mg) 


(Sec) 



(Sec) 



30 


0 20 

+ 

1 

6 

+ 

Typical single 






observation 

30 


0 14 



1-2 

8 

+ 

Mean of 7 ob- 






servations 

30 

After 400 mg mepa- 

0 05 

— 

0 

25 

+ 


cnne orally 

022 




+ 


30 

After 100 mg paludnne 

— 

9 1 


orally 







35 

— 

0 28 

0 16 

+ 

+ 

1 

1-2 

9 

6 

+ 

+ 

Mean of 5 ob- 

35 



1 

0 

+ 

servations 

35 

After 1 2 mg atropme 

0 

— 

0 


intravenously 

0 

0 



+ 


35 

After 2 4 mg atropme 




intravenously 







40 


0 14 

0 16 

+ 

+ 

1 

1-0 

10 

75 

+ 

+ 

Mean of 2 ob- 

40 





servations 

40 

After 1 g qumidine 

0 06 


1 

2 

4- -f- 


sulphate orally 








~~ 40~~ 

After 3 g quinine hy- i 

0-04 


0 

0 I 

' h + 


drochlonde orally | 

i 

1 

! 


f 

1 

I 




Table II shows the effects of MgATP on the heart and the effects of mepacnne, paludnne quin.d.ne, quinine, 
and atropine on the cardiac response to MgATP 
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Fig 8 — Case VII Effect of intravenous injection of Mg ATP on the electrocardiogram 
(lead IJT) 

(A) Before injection showing sinus tachycardia 

(B) 16 sec after injection of 15 mg Mg ATP showing 3 ventricular extrasystoles 
(Q 26 sec after the same injection, showing depression of the S-T segment 

1 mV=l cm 1 sec =2 5 cm 


complexes were not produced as consistently as in 
the observations on animals In Case 3, with 
doses of 20 to 30 mg , the P wave was depressed, a 
small Q wave appeared and the T wave became 
isoelectric or inverted In Case 7, with doses of 
10 to 15 mg , premature ventricular contractions 
were observed and later the S-T interval was sig- 
nificantly depressed Heart block did not occur in 
this case with these doses and it was thought 
inadvisable to increase them The curves from this 
case which were obtained on three separate occasions 
resemble closely those obtained in the cat (compare 
Fig 2 and 8) 

Comparison of MgATP and Adenosine The 
effects of adenostne and MgATP, given in equi- 
molccular amounts, were compared in 2 subjects 
(Cases 1 and 2) It was found that although 
adenosine produced the same type of change in 
cardiac rhythm as MgATP it was not as active 

Observations on the Response to ATP after the 

INJECTION OF OTHER DRUGS 

These observations fall into two main groups 


Firstly an attempt was made to see whether the 
effects of magnesium sulphate and of vagal in- 
activation by atropine on the response to ATP m 
man were the same as those we had encountered in 
animals The effects of adrenaline and quinidine 
were also investigated, the former because it is 
known to facilitate conduction down the bundle 
(Wiggers, 1927) and the latter because it might have 
been expected to increase the degree of conduction 
defect as in clinical cases of heart block (Lewis, 1 925) 
Secondly, we investigated the effect of various anti- 
malanal drugs on the response of the human heart 
1° ATP in view of the animal experiments of 
Raventos which we had partially confirmed 
Magnesium Sulphate This substance was given 
intravenously in a doze of 1 6 g MgS0 4 7 HjO 
(8 ml of 20 per cent solution) to 2 subjects, 7 to 
10 minutes before the injection of MgATP In 
both, there was a definite increase in the degree of 
heart block produced by MgATP The results 
therefore resemble those obtained in animals 
Adrenaline Injections of MgATP were given to 
2 subjects 5 minutes after an intramuscular injection 
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Fig 9 — Effect of Mg ATP on the human electrocardiogram before and after intravenous injection of 
atropine 

(A) Case IV, 15 sec after injection of 17 mg MgATP 

(B) Case IV, 15 sec after injection of 17 mg MgATP Five minutes previously 2 5 mg 
atropine sulphate had been given intravenously 

(Q Case I, 15 sec after injection of 35 mg MgATP 

(D) Case I, 18 sec after injection of 35 mg MgATP Five minutes previously I 2 mg 
atropine sulphate had been given intravenously 

Both cases show reduction in the degree of heart block due to MgATP after atropine admrnis 
tration Sinus slowing is still seen 

1 mV=I cm 1 sec =2 5 cm 


of 0 5 ml 1 1000 adrenaline hydrochloride and to 
1 subject after I 0 ml The number of dropped beats 
and the duration of the block was reduced in each 
instance 

Atropine After control observations, 5 subjects 
were given atropine sulphate intravenously m doses 
usually considered sufficient to produce complete 
vagal paralysis When the heart rate had risen to a 
stationary level, MgATP was given Sinus slowing 
still occurred, but in two instances second degree 
A-V block was completely prevented In the other 
observations the degree and duration of heart block 
was much less (Fig 9 and Table II) 

Qmmdine Two subjects (Cases I and VT) 
received 1 g of qumidine sulphate in divided doses, 
the last dose of 0 2 g being given half an hour before 
the injection of MgATP The increase in P-R 
interval and the duration of heart block were sig- 
nificantly less than in the control observations 


(Fig 10 and Table II) The degree of sinus slowing 
was the same 

Anumalanal drugs 1 Quinine Three grammes 
of quinine hydrochloride were given orally over 
3 days to 4 subjects (Cases 1, 2, 4, and 6), the last 
dose being administered half to two hours before 
the injection of MgATP The effects were similar 
to those obtained using quinidine and in one case 
A-V block was almost completely prevented 
(Fig 10E and Table II) 

2 Mepacrine Three subjects (Cases 1, 2, and 6) 
received 0 4 g mepaenne hydrochloride by mouth 
over thirty-six hours, the last dose of 0 2 g being 
given two hours before the injection of MgATP 
The degree and duration of heart block were sig 
mficantly less than in control observations (Fig 
10B and Table II) 

3 Paludnnt Three subjects (Cases 1, 2, and 6) 
were given 100 mg. paludnne hydrochloride bj 
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Fig 10 — Case I Effect of mepacnne, qumidine, and quinine on the response to the intravenous 
injection of Mg ATP (lead II) 

(A) Control, 17 sec after injection of 30 mg Mg ATP Normal P-R interval for this case 
lay between 0 16 sec and 0 18 sec 

(B) Effect of mepacnne (for dosage, see text) 18 sec after injection of 30 mg Mg ATP 

(C) Control, 17 sec after injection of 40 mg MgATP 

(D) Effect of qumidine (for dosage, see text) 16 sec after injection of 40 mg Mr ATP 

(E) Effect of quinine (for dosage, see text) 17 sec after injection of 40 mg MgATP 
Shows the reduction m the effect of ATP after certain antimalanal drugs 

1 mV=I cm 1 sec =2 5 cm 


mouth and one (Case 4) 200 mg three hours before 
injection of MgATP No reduction in the degree 
of block was noted Indeed, m Case 4 the block 
persisted much longer than in control observations 
We thought it inadvisable to investigate the effects 
of higher doses, because of toxic symptoms pro- 
duced by the dosage given to Case 4 

Discussion 

Tlicsc observations show that ATP has a profound 
effect on the conducting system of the heart causing 
changes in cardiac rhythm similar to those described 
for adenosine and muscle adenylic acid by Drury 
and Szcnt-Gyorgyi (1929) The action is essentially 
a depression of normal function with sinus slowing, 
prolongation of the P-R interval and the appearance 
of heart block With sufficiently large doses this 
A-V block may be complete and complete asystole 
can also occur In man these effects were often 
followed by a short period of sinus tachycardia but 

G 


the second phase of sinus bradycardia described by 
Drury and Szent-Gyorgyi (1929) was seldom seen in 
our observations, perhaps because we used smaller 
doses With very small doses of MgATP, sinus 
tachycardia was (sometimes) the only effect pro- 
duced For the most part the effect of ATP was 
similar m the three species studied but there were 
certain interesting minor differences Drury (1936) 
has emphasized that the site of the main action of the 
adenyl compounds differs m different species As 
with the lower compounds, the mam action of ATP 
in the guinea pig is upon the A-V node whereas m 
man and the cat, especially in the latter, the mam 
effect is upon the S-A node An illustration of this 
is the more frequent occurrence of complete asystole 
m the cat than m the guinea pig 
McDowall (unpublished report to the Medical 
Research Council, 1944) first pointed out that the 
\agi participated in the cardiovascular response to 
ATP in the cat and this has been fully confirmed by 
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us both here and elsewhere (Bielchowsky, Green, and 
Stoner, 1946, Green and Stoner, 1949) We found 
that amongst the common laboratory animals this 
reaction was only seen m the cat and that in this 
animal it was only ATP which acted in this way 
The present studies, in addition to giving some infor- 
mation on the efferent mechanism of this reflex, 
also show that the vagi are similarly involved in 
man Experiments on the vagotomized cat indicate 
that the sinus bradycardia after ATP is in part due 
to its action through the vagi In man, with the 
vagi paralysed by atropine, the reduction in the 
degree of smus slowing was not so marked but the 
elimination of the A-V block was very striking 

Direct comparison of the changes in cardiac 
rhythm produced by equimolecular amounts of 
adenosine and ATP showed that the effects were 
the same in the guinea pig but not in the cat or 
man, 1 e in the two species where the vagus is 
involved A similar effect was, however, seen in 
the cat after the vagi had been divided These 
findings are m agreement with those on the isolated 
perfused rabbit’s heart (Green and Stoner, 1949) 
which showed that the effect of these compounds on 
the conducting system is essentially due to their 
adenosine content 

Alterations in the cardiac rhythm are not the 
only changes seen after the injection of ATP 
Various other changes occurred, notably ventricular 
extrasystoles and displacement of the S-T segment, 
which are best attributed to a direct action on the 
myocardium This effect is not seen after adenosine 
for as Drury (1932) and Green and Stoner (1949) 
have shown it is only the phosphorylated derivatives 
which possess this action 

That ATP has this action on the myocardium 
may be of some practical importance Adenosine 
and muscle adenylic acid, often mixed with other 
substances in the form of tissue extracts, have been 
widely used m the treatment of cardiac and peri- 
pheral vascular disease The alleged beneficial 
effects have been attributed to vasodilatation of the 
coronary and peripheral vessels and to a direct 
action on the myocardium It seems improbable 
that, in the doses given and using the routes of 
administration advised, beneficial results would be 
likely to ensue But, in view of the greater general 
activity and more definite role of ATP in muscle 
metabolism, it is probable that attempts will be 
made to use this substance in the therapy of cardio- 
vascular disease In view of the ectopic beats and 
alterations in the S-T segment observed by us this 
would seem unjustifiable If it is given in the 
treatment of other types of disease it should be given 
by slow intravenous injection or intramuscularly 
Unfortunately, when given by the latter route the 


dose must be large and absorption is irregular 

It is of great interest that the cardiac effects of 
A TP are capable of being influenced by the previous 
administration of other substances, one of the most 
important of which is Mg++ The striking effect 
of this ion in increasing the shock-inducing action 
of A TP and altering its action on the cardiovascular 
system have been dealt with elsewhere (Green and 
Stoner, 1944, Bielchowsky, Green, and Stoner, 
1946) Die electrocardiographic observations de 
scribed here show that Mg ++ administration in 
creases the effect of A TP on the conducting system 
whilst decreasing its effect on the myocardium 
Similar effects were observed m experiments on the 
isolated perfused rabbit’s heart This phenomenon 
is thought to be due to the interference of Mg ++ in 
the enzymic breakdown of ATP (Green and Stoner, 
1949) 

Although ATP has such a powerful effect on the 
conducting system of the heart it would seem that 
this action can still be antagonized by adrenaline 
This action of adrenaline in facilitating conduction 
through the bundle has been subject to very little 
experimental investigation in the past largely due 
to the difficulties of producing graded heart block 
under experimental conditions Our observations, 
therefore, may indicate an approach to this problem 

Quinine, quinidme, and mepaerme also clearly 
hinder the development of the ATP effect but it is 
not at all clear why they should have this action 
Indeed one might have expected ATP to have had 
a greater effect after the administration of these 
compounds Our failure to elicit a similar effect 
with paludnne even when, in animals, very large 
doses were given, prevents us from agreeing with 
Ravent6s (1948), that there is an antagonism between 
the antimalanal drugs and the cardiac effects of the 
adenyl derivatives The antagonism would stem 
to be between these compounds and certain members 
of the quinoline and acridine series The further 
aspects of this antagonism are dealt with elsewhere 
(Green and Stoner, 1949) Whilst no explanation 
of the mechanism involved can yet be given there 
is no evidence to suggest that it is due to the 
interference of these quinoline and acridine denva 
tives in the metabolism of nucleotide 

Summary 

The effect of the intravenous injection of adenosine 
triphosphate {ATP) on the electrocardiogram has 
been studied m human subjects, cats and guinea P'f? 

The effect of ATP on cardiac rhythm vanes witti 
the dose Whilst very small doses may give sinus 
tachycardia, the normal effect is to cause smus 
slowing, prolongation of the A-V interval an 
second degree A-V block Large doses frequen y 
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cause standstill either of the ventricles or the whole 
heart 

ATP acts mainly on the S-A node in the cat and 
man but mainly on the A-V node in the guinea pig 

It has been shown that part of the ATP effect in 
the cat and man is mediated through the vagus 

Equimolecular amounts of adenosine will repro- 
duce the effect of ATP on cardiac rhythm in the 
guinea pig and also in the cat if the vagi are first 
inactivated 

The effects of ATP are not confined to cardiac 
rhythm, and other changes m the electrocardio- 
graphic complexes were seen m both man and 
animals which were thought to be due to a direct 
action on the myocardium These changes were not 
seen after adenosine 

The effect of the previous administration of 
certain compounds on the response to ATP was 
also observed with the following results 

(1) Magnesium sulphate increased the effect on 
cardiac rhythm and decreased the action on 
the myocardium 


67 

(2) Adrenaline shortened the period of heart 

block 

(3) Quinine , qmnidtne, and mepacnne all decreased 

the effect on cardiac rhythm 

(4) Paludrme had no significant effect on the 

response 

ATP administered intravenously for periods up 
to three months produced no significant improve- 
ment in 15 cases of rheumatoid arthritis 

The significance of these observations and their 
relationship to other of our findings has been 
discussed 
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When valvular, hypertensive, and congenital heart 
disease have been excluded as causes of cardiac 
enlargement, some rarer condition should be sought, 
but only after excluding bradycardia, pericardial 
disease, sternal depression, or an elevated diaphragm, 
which by themselves without real enlargement pro- 
duce an exaggerated cardiac silhouette on cardio- 
scopy Such being eliminated, there remains a 
group where the cause of cardiac enlargement is 
obscure, and it is the purpose of this paper to 
describe cases with common subjective and objective 
symptoms, and to propose a syndrome that serves 
to explain a hitherto ambiguous form of cardiac 
enlargement and facilitates clinical diagnosis of the 
condition 

Notes of Three Cases in One Family 
Case 1 Male, aged 18 years He was referred 
by a service medical board which sought an explana- 
tion for the displacement of his apex beat He 
admitted to no symptoms at the time and he appeared 
to be a well-developed healthy youth The pulse 
was irregular from extrasystoles with brief periods 
of paroxysmal tachycardia The blood pressure 
was 120/80 The apex beat was forcible and was 
displaced as far as the left anterior axillary line 
The heart sounds were clear and there were no mur- 
murs A triple rhythm was present from the addi- 
tion of the third heart sound There was no enlarge- 
ment of the liver or spleen, and further examination 
found no abnormal signs elsewhere including the 
central nervous system The Wassermann reaction 
was negative The blood sugar and cholesterol 
were both normal, and so was the sugar tolerance 
test, there was no ketosis The cardiogram (Fig 1) 
showed extrasystoles and excepUonally wide QRS 
complexes with inverted T waves On cardioscopy 
(Fig 3) there was great enlargement of the heart, 
and particularly of the left ventricle, the border of 
which was remarkably quiet compared with the 
mobile right auricle 


While under observation for two months, the 
extrasystoles became more frequent and when attacks 
of paroxysmal tachycardia increased in number and 
seventy, the patient was handicapped in his work at 
times by giddiness At last, when tachycardia 
(Fig 2) persisted for two days, pulmonary (edema 
(Fig 4) developed and he died on the third day 

Summary of Necropsy (PM 121/1947) By 
Professor Dorothy Russell of the Bernhard Baron 
Institute of Pathology 

Acute pulmonary oedema Heart failure Familial 
Cardtomegaly Clear yellow pericardial effusion 
(4 oz.) Slight whitish opacity of most of visceral 
pericardium over both ventricles Milk-spot (2 5 
by 1 2 cm ) on anterior surface of ngbt ventncle 
Foramen ovale patent (about 1 cm diameter), the 
orifice being valvular Great thickening (up to 
4 cm ) of myocardium of left ventncle, without 
appreciable dilatation, composed of pale brown 
moderately firm tissue blotched with numerous ill 
defined pale areas of fibrosis (Fig 5) Similar pro- 
portionate thickening of other chambers of heart 
(Fig 6), but least marked of left auricle (5 cm 
diameter, 0 4 cm thick) All valves normal apart 
from congenital fenestration of two pulmonary cusps 
Coronary artenes normal and enlarged in propor- 
tion to ventricles, no atheroma Aorta of normal 
circumference (6 cm at ring, and 0 2 to 0 25 cm 
thick) Very slight atheroma Early mucinous 
degeneration of media of aorta found micro- 
scopically 

Clear yellow pleural effusions (right, 12 oz., left, 

5 oz.) Almost solid oedema of right lung, showing 
microscopically variable numbers of red corpuscles 
and phagocytes in alveolar spaces, purulent 
bronchitis and early broncho-pneumonia present in 
a few places Left lung similar but showing, 
microscopically, a layer of fibrin coating respiratory 
bronchioles and some alveoli Enlargement o 
gland at tracheal bifurcation, and another above 
right bronchus, by miliary and larger caseous 
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Fig 1 — Electrocardiogram from Case 1 Sinus rhythm 
with extrasystoles, exceptionally wide QRS complexes 
with four R waves showing in IVR and deep inversion 
of the T waves in many leads 


Fig 2 — Electrocardiogram from Case 1 
Paroxysmal tachycardia with a high 
auricular rate and A-V dissociation. 


tubercles with considerable focal fibrosis No 
tuberculosis found in lungs Central congestion of 
liter Chronic congestion and oedema of spleen, 
showing microscopically two miliary tubercles in 
pulp One old infarct in spleen and one in right 
htdncj Congestion and severe post-mortem 
degeneration of kidneys Persistent glandular 
thvmus No abnormality, macroscopic or micro- 
scopic in endocrine glands (Only one para- 
thyroid identified) Post-mortem digestion of 
stomach No macroscopic or microscopic ab- 
normality found in brain or spinal cord Middle 
cars normal Cyanosis of extremities No sub- 


cutaneous oedema A well developed and well 
nounshed young man 

Weights Body, 62 5 kg (height, 17m), heart, 
1134 g , liver, 1921 g , kidneys, 333 g , spleen, 
333 g , brain, 1495 g , suprarenals, 13 g , thyroid, 
56 g , thymus, 20 g , testes, 21 g , pituitary, 
0 6 g. 

Microscopic examination Portions of the left 
ventncle and nght auncle were fixed in Bourn’s 
fixative The rest of the heart was fixed in formalde- 
hyde, blocks being taken on the following day from 
both ventncles, inters entncular septum, and sino- 
auncular node In addition to hrematoxylm and 
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Fig 3 — Teleradiogram from Case 1 Great enlarge- 
ment of the heart and especially of the left 
ventricle (1), much pulmonary congestion (2) 


Fig 4 — Teleradiogram from Case 1 Pulmonar) 
(edema (I) is added to the great cardiac enlarge 
mem seen in Fig 3 


eosin, iron hatmatoxylin and van Gieson and 
phosphotungstic-acid htematoxylin, sections from 
all blocks were stained by Best’s carmine for glyco- 
gen Frozen sections of a piece of left ventricle 
were stained with Sudan III for fat 
Heart In all parts examined there is dense patchy 
fibrosis of the myocardium, especially beneath the 
endocardium and pericardium, and gross hyper- 
trophy of the muscle fibres (Fig 7) The hyper- 
trophy often appears greatest where there is most 
fibrosis In ordinary stains the fibres are occasion- 
ally greatly vacuolated, but vacuolation in genera! 
is rather inconspicuous, except in phosphotungstic- 
acid htematoxylin preparations, where high magni- 
fications frequently reveal clusters of small vacuoles 
in the centres of fibres, or groups of reddish-brown 
granules m a similar situation In such fibres the 
longitudinal fibrils are restricted to the periphery of 
the muscle cell and cross-stnation is lost Cross- 
stnation is preserved m many fibres devoid of 
vacuoles and granules There is no fatty degenera- 
tion The Bouin-fixed sections show conspicuous 
deposits of glycogen in many scattered fibres in both 
left ventricle and right auricle There are no 
circumscribed areas m which all or most fibres are 
so affected, the change is diffuse A good deal of 
finely granular material stained by Best’s carmine is 
present in the intermuscular connective tissue and m 
the walls of capillaries In the formalin-fixed tissue, 

however, there is little evidence of glycogen The 
fibrous tissue in the myocardium contains few 


spindle cells and occasional small lymphocytes 
which are mostly perivascular Occasional larger 
clumps of small round cells appear to be due to 
submiliary granulomatous tubercles, one being 
identified with certainty in the interventricular 
septum, and one in the pericardium of the left 
ventricle The pericardium elsewhere is little 
affected, there are a few small lymphocytes about 
the vessels, which are engorged No changes were 
found in the special muscle fibres of the conducting 
system 

Lner In a block fixed m Bouin s fluid there is 
great congestion and atrophy of the centres of the 
lobules, in places adjacent atrophied areas are 
confluent There is no fibrosis A good deal of 
glycogen is present as fine cytoplasmic granules m 
the better preserved cells of the periportal 
parenchyma 

Muscle Portions of the tongue and vastus 
extemus muscle were fixed m Bourn’s fluid In the 
tongue glycogen is restricted to the squamous 
epithelium and some cells of the mucous glands 
In the vastus extemus large quantities of gl> cogen 
are present, some being m the muscle fibres but most 
has escaped into the interstitial tissue Patchy 
vacuolation of the fibres is demonstrated by other 
stains, but the degree of vacuolation appears trivial 
in comparison with the amount of glycogen A 
special search for glycogen was made in Bourn fixe 
material from the kidney, spleen, and central nervous 
system with negative results 



FAMILIAL CARDIOMEGALY 


71 



Fig 5 — Photogram of the heart in Case 1 There is very great general hypertrophy 
and especially of the left \entncle (1) which shows grey patches of fibrosis (2) 


Case 2 Male, aged 20 years His appearance 
was healthy and he complained of no symptoms 
when he was referred by a service medical board 
because of great outward displacement of the apex 
beat Later he admitted that during the past six 
months he had been compelled through giddiness to 
halt the omnibus he dro\e, but had never lost 
consciousness The pulse was normal in rate and 
irregular from auricular fibrillation The blood 


pressure was 125/80 The apex beat was near the 
left anterior axillary line and was forcible The 
heart sounds were clear and there were no murmurs 
Triple heart rhythm was present from addition of 
the third heart sound There was no enlargement 
of the liver, nor of the spleen, and on examination 
the other systems, including the nervous system, were 
normal The blood sugar and the blood cholesterol 
were both normal The electrocardiogram showed 
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Fig 6 — Cross-cut of the heart in Case 1 to show great hypertrophy of the left 
ventricle (1) right ventricle (2) and the septum (3), which shows extensive 
fibrosis (4) 



p IG 7 Microscopical section of the myocardium from Case 1 showing great 

fibrosis (1) and hypertrophy of surviving muscle fibres (2) 
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p u ,,® Electrocardiogram from Case 2 Auricular Fio 10 — Electrocardiogram from Case 3 Auricular 
V til a !i on complexes with deep inversion fibnllation and extrasvstoles the T wave is inverted 

of the T waves in all leads in lead I, and the R wave is small in CR1 
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auricular fibrillation, exceptionally wide QRS com- 
plexes, and deeply inverted T waves (Fig 8) 
Another time (Fig 9) he showed auricular tachy- 
cardia with infrequent ventricular rate On cardio- 
scopy (Fig 11) there was great enlargement of 
the heart, and particularly of the left ventricle, the 
left border of which was remarkably quiet com- 
pared with the pulsatile right auricle at the opposite 
cardiac border 

Case 3 Female, aged 43 years For 12 years 
she had suffered from infrequent but severe syncopal 
attacks Her pulse was about 70 a minute and was 
irregular from auricular fibrillation The blood 
pressure was 130/90 The apex beat was displaced 
outwards and was forcible The heart sounds were 
clear and there were no murmurs There was 
conspicuous splitting of the second heart sound and 
this was confirmed by the phonocardiogram There 
was no enlargement of the liver nor spleen, and 
examination of other systems showed no abnormal 
signs There were extrasystoles and auricular 
fibrillation with inversion of the T I (Fig 10) On 
cardioscopy (Fig 12) there was moderate enlarge- 
ment of the heart, and especially of the left ventricle 

These three patients illustrate the familial and 
hereditary nature of the illness, Cases 1 and 2 were 
brothers and were the sons of Case 3, whose husband 


and a third son, aged 17 years, were healthy, an 
infant son had died at the age of 18 months from 
“ heart trouble ”, her parents died at the ages of 
34 and 35, but the manner of their deaths could not 
be ascertained, a brother and sister as well as their 
offspring were healthy, one sister died suddenly in 
a tramcar at the age of 26 although she was thought 
to be healthy up to that time, another sister died 
unexpectedly at the age of 30, a brother while on 
his way to work one morning dropped dead on the 
pavement at the age of 21 , details of necropsy in 
these cases cannot be traced, but the manner of then- 
deaths makes it likely that at least six members in 
two generations of the same family suffered from the 
condition that is described here (Fig 13) A family 
history of the same illness was also obtained from 
a patient reported at the Massachusetts General 
Hospital (1942) and also in one described by Addam 
and Mahaim (1946) 

In addition to the three cases already described 
there were six others whose symptomatology and 
clinical signs were so similar as to make me believe 
that they suffered from the same condition In one 
where a necropsy was earned out, fibrosis of the 
myocardium was found to be the underlying lesion 
as in Case 1, but no family history of the condition 
could be obtained from any of the six cases, although 
in none had it been possible to examine other 
members of the family 



Fig 1 1 — Teleradiogram from Case 2 showing great 
general enlargement of the heart and especially 
of the left ventricle (!) 


Fig 12— Teleradiogram from Case 3 showing 
moderate general enlargement of the heart a 
especially of the left ventncle (1) 
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Fig 13— Scheme identifying patients affected with Familial Cardiomegaly in one family The black symbols 
represent members suffering from familial cardiomcgah , the shaded symbols indicate members probably 
affected by the same illness the unshaded symbols are unaffected members The numerals are the ages in 
years, and when bracketed they indicate the age at death 


Other Case Notes 

Case 4 Male, aged 35 years Two years before 
he was rejected for military service by a medical 
board which advised him not to do any heavy work 
He remained well until a month before when he 
fainted in a chair and afterwards discovered a lump 
on the back of his head which he supposed had 
resulted from his head falling backward on to the 
chair Thereafter he experienced spells of giddiness 
which made him uncertain of himself when walking, 
but when they passed he would feel quite well 
Only once did he lose consciousness No other 
members of the family were similarly affected 
His appearance was healthy The pulse was slow 
(52 a minute), and was irregular from extrasystoles, 
which disappeared for a short time after exerase 


The blood pressure was 115/70 The apex beat 
reached the anterior axillary line and was forcible 
in character with a double impulse There was no 
thrill A tnple heart rhythm was present from the 
addition of the third heart sound and this was 
confirmed by the phonocardiograph There were 
no murmurs Further routine clinical examination 
showed no abnormal signs in other systems The 
electrocardiogram (Fig 14) showed bradycardia, 
bundle branch block, and extrasystoles On cardio- 
scopy (Fig 16) there was great generalized enlarge- 
ment of the heart The Wassermann reaction was 
negative He continued with his work, but com- 
plained of giddiness on occasions Three years 
later there was another syncopal attack, but he 
recovered only to fall dead as he was walking home 
from work There was no necropsy 



Fig 14 —electrocardiogram from Case 4 Sinus brady 
carman id, extras} stoles wide QRS complexes promi 
l ie T dc%,a ,on > and 'n'crsion of the T wave n 
lead 1 Qwa\c and R-T deviation in IVR 


Fig 15 — Electrocardiogram from Case 5 during 
an attack of paro\>sma! tachycardia with 
2 to 1 A-V dissociation which is best seen m 
CR1 



76 


WILLIAM EVANS 



Fig 16 — Teleradiogram from Case 4 Great enlargement of 
the heart and especially of the left ventricle (1) pulmonary 
congestion (2) 


Case 5 woman, aged 63 vears Three years 
before, she complained of dizziness and at times 
lost consciousness Later, palpitation became 
troublesome and she said that the heart occasionally 
beat very rapidly The pulse was 56 and irregular 
from extrasystoles, and she was sometimes found 
with paroxysmal tachycardia There was no hyper- 
tension The apex beat was displaced outwards as 
far as the anterior axillary line and it was diffuse and 
forcible There was an obvious triple heart rhythm 
from addition of the third heart sound A systolic 
murmur m the mitral area occupied mid-systole and 
there were no diastolic murmurs Although the 
thyroid was enlarged, there were no signs of thyroid 
toxemia There were no abnormal signs in any 
other system At one time sinus bradycardia with 
ventricular complexes of bundle branch block, and 
at other times paroxysmal tachycardia with 2 to 1 
(Fig 15) or a higher grade A-V dissociation, were 
seen On cardioscopy (Fig 17) there was great 
enlargement of the heart, particularly of the right 
side She is still alive 


Case 6 Woman, aged 62 years She was ad- 


mitted to hospital for attacks of palpitation 15 years 
ago, although the arrhythmia did not recur in 
hospital, radiological examination showed enlarge- 
ment of the heart Throughout the years she con 
tmued to experience these attacks and in two of 
them she lost consciousness Two years ago an 
electrocardiogram showed sinus bradycardia and 
bundle branch block Twelve months ago a cardio 
gram during the attack showed auricular fibrilla- 
tion and she again reverted to normal rhythm 
There were more episodes of paroxysmal auricular 
fibrillation, and unconsciousness once from cerebral 
embolism She gradually recovered from the para 
lysis and for three months she had pot experienced 
any palpitation while the heart rhythm continued as 
auricular fibrillation with infrequent ventricular 
rate The cardiogram showed right bundle branch 
block in addition to fibrillation The blood pressure 
was normal The apex beat was out a little way 
and there was moderate cardiac enlargement No 
triple heart rhythm was present at the single clinical 
examination There was no enlargement of the 
liver or spleen and the unne was clear Since the 
auricular fibrillation became established the syncopal 
attacks had become less frequent 
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Fig 17 — Teleradiogram from Case 5 There is Fig 18 — Tehradiogram from Case 7, showing enlarge- 
cnlargement of the left ventricle (1) and especially ment of the heart and especially of the left ventricle 

of the nght auricle (2) Pulmonary congestion (1) 


Fig 19 — Teleradiogram from Case 9 showing 
great enlargement of the heart and especially 
of the left \cntncle (1) with pulmonan con- 
gestion (2) 


Fig 20 — Teleradiogram from Case 8 showing gener- 
alized enlargement of the heart and especially 
of the left ventricle (I) and nght auricle (2), as 
well as pulmonary congestion (3) 
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Fig 16 — Teleradiogram from Case 4 Great enlargement of 
the heart and especially of the left ventricle 11) pulmonary 
congestion (2) 


Case 5 woman, aged 63 vears Three years 
before, she complained of dizziness and at times 
lost consciousness Later, palpitation became 
troublesome and she said that the heart occasionally 
beat very rapidly The pulse was 56 and irregular 
from extrasystoles, and she was sometimes found 
with paroxysmal tachycardia There was no hyper- 
tension The apex beat was displaced outwards as 
far as the anterior axdlary line and it was diffuse and 
forcible There was an obvious triple heart rhythm 
from addition of the third heart sound A systolic 
murmur in the mitral area occupied mid-systole and 
there were no diastolic murmurs Although the 
thyroid was enlarged, there were no signs of thyroid 
toxaemia There were no abnormal signs in any 
other system At one time sinus bradycardia with 
ventricular complexes of bundle branch block, and 
at other times paroxysmal tachycardia with 2 to 1 
(Fig 15) or a higher grade A-V dissociation, were 
seen On cardioscopy (Fig 17) there was great 
enlargement of the heart, particularly of the right 
side She is still alive 


Case 6 Woman, aged 62 years She was ad- 


mitted to hospital for attacks of palpitation 15 vears 
ago, although the arrhythmia did not recur in 
hospital, radiological examination showed enlarge 
ment of the heart Throughout the years she con 
tmued to experience these attacks and in two of 
them she lost consciousness Two years ago an 
electrocardiogram showed sinus bradycardia and 
bundle branch block Twelve months ago a cardio 
gram during the attack showed auricular fibrilla- 
tion and she again reverted to normal rhythm 
There were more episodes of paroxysmal auncular 
fibrillation, and unconsciousness once from cerebral 
embolism She gradually recovered from the para- 
lysis and for three months she had not experienced 
any palpitation while the heart rhythm continued as 
auncular fibrillation with infrequent ventricular 
rate The cardiogram showed right bundle branch 
block in addition to fibrillation The blood pressure 
was normal The apex beat was out a little way 
and there was moderate cardiac enlargement No 
tnple heart rhythm was present at the single clinical 
examination There was no enlargement of the 
liver or spleen and the urine was clear Since the 
auricular fibnllation became established the syncopal 
attacks had become less frequent 
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Fig 17 — Teleradiogram from Case 5 There is 
enlargement of the left ventricle ( I ) and especially 
of the right auricle (2) Pulmonary congestion 
( 3 ) 


Fig 18 — Tcbradiogram from Case 7, showing enlarge- 
ment of the heart and especially of the left ventricle 

(I) 





Fig 19 — Teleradiogram from Case 9, showing 
great enlargement of the heart and especially 
of the left ventricle (1) with pulmonary con- 
gestion (2) 


Fig 20 — Teleradiogram from Case 8 showing gener- 
alized enlargement of the heart and especially 
of the left ventricle (1) and right auncle (2), as 
wall as pulmonary congestion (3) 
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Fig 21 — Microscopical section of the myocardium from Case 8 showing great 
fibrosis (1) and hypertrophy of surviving muscle fibres (2) 

Case 7 Man, aged 41 years Although he had pressure was low (105/50) The apex beat was out 
complained of breathlessness on exertion for some a little way and he showed a short soft systolic 
years he had not sought medical advice, and enlarge- murmur There was triple heart rhythm No other 
ment of the heart was discovered on routine mass physical signs presented and there was no enlarge 

radiography He had neither palpitation nor giddi- ment of the liver or spleen The urine was clear 

ness No other members of the family complained The cardiogram (Fig 22) showed sinus rhythm at a 

of heart trouble, but none of them was examined slow rate (48 a minute) and a very high voltage 

The pulse was regular and 76 a minute The The P-R period was not prolonged nor was the QRS 

blood pressure was 120/85 The apex beat was in period There was deviation of the R-T segments, 
the left anterior axillary line A systolic murmur and the T waves were diphasic m certain leads On 
was heard in late systole in the mitral area and there cardioscopy (Fig 20) there was generalized enlarge- 

was prominent splitting of the second heart sound ment of the heart and especially of the left ventricle 

which was confirmed in the phonocardiogram He continued to suffer from epileptiform attacks 
There were no diastolic murmurs Four years later, at the age of 1 6, he developed acute 

There was no enlargement of the liver and no appendicitis and recovered uneventfully from the 

other abnormal physical signs The urine was operation The day following his discharge from 

clear The electrocardiogram showed bundle branch hospital while walking home from the cinema he 

block On cardioscopy (Fig 18) there was con- was seized with severe breathlessness and died on 

siderable enlargement of the heart especially involv- his way to hospital 

mg the left ventricle, there was no pulmonary At necropsy there was considerable enlargement 
congestion of the heart (weight not recorded), and particularly 

of the base of the left ventricle There was no 
Case 8 Boy, aged 12 years His mother said embolism and no abnormality of the coronaiy 

that for several months he had been subject to circulation On microscopical examination there 

attacks of fainting Three such attacks occurred was great hypertrophy of the myocardial fibres of 

m the previous fortnight They had all taken place the left ventricle with much interstitial fibrosis 

while he was at school There was never any warn- (Fig 21) (See appendix for mother’s history) 

ingl and he would fall down suddenly In one attack 

he hurt his head badly when it banged against the Case 9 Man, aged 33 years He was without 
floor There were no other complaints, and the symptoms apart from palpitation until three months 

mother had been told he had epilepsy There was before when he began to get breathless on exertion 

no family history of a similar illness His voice had altered and this brought him to 

The boy looked healthy The pulse was rather hospital where palsy of the left recurrent laryngeal 

slow (60 a minute) and was regular The blood nerve was found The pulse was irregular from 
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extrasystoles and the nature of the arrhythmia was 
confirmed by the cardiogram (Fig 23) which also 
showed wide QRS complexes like those of bundle 
branch block The apex beat was displaced out- 
wards as far as the left anterior axillarx line and 
radiological examination confirmed the presence of 
great enlargement of the heart (Fig 19) The blood 
pressure was 120/75 The first heart sound showed 
splitting and there was a slight systolic murmur in 
the mitral area The house phxsician did not note 
that an\ triple heart rhythm was present There 
were no other abnormal signs The urine was clear 
The sugar tolerance test was normal and the Wasscr- 
mann reaction was negatixe He left hospital with- 
out a definite diagnosis haxing been made He 
died a few months later but there was no nccropsx 

Discussion 

Unexplained cardiac enlargement is not common 
Now and again, howexer, there comes for diagnosis 
a patient in whom the cause of an enlarged heart is 
not obxious In older patients hypertension may 
explain cardiac hypertrophy, even though the blood 
pressure at the time is normal, perhaps reduced by 
cardiac infarction which can by itself cause a 
moderate or greater degree of cardiac enlargement 
In a younger patient such diagnosis will seldom 
apply Bradycardia, with or without heart block, 
will explain some instances of enlargement of the 
cardiac silhouette found on radiological examina- 
tion An unusual condition like amyloidosis of 
the heart has been the cause of moderate enlargement 
m rare cases Enlargement of the heart from 
glycogenic disease is even a rarer event in adults 
Whenever a single example of unexplained enlarge- 
ment of the heart is seen the need to find the precise 
cause has not appeared so important, but when two 



Fig 22 — Electrocardiogram from Case 8 showing 
sinus bradycardia deviation of the R-T seg- 
ments and diphasic T waxes 
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or more such cases appear, a search for a common 
aetiology becomes more vita! 

When the pathological findings have not been avail- 
able or are equivocal in these odd instances of cardiac 
enlargement they have been described under such 
titles as ‘ idiopathic enlargement,’ or ‘ unexplained 
enlargement of the heart in young subjects ’ 
(Whittle, 1929, Kugal and StolofF, 1933, Levy and 
Rousselot, 1933, Mahon, 1939, Levy and von 
Glahn, 1937, Case Records of Massachusetts 
General Hospital, 1942, Noms and Pote, 1946, 
and Vulhamy, 1947) When inflammatory changes 
or fibrosis of the myocardium has been an obvious 
finding at necropsy, they have appeared as acute 
non-specific myocarditis (Hehvig and Wilhelmy, 
1939, Candel and Wheelock, 1945), myocardial 
fibrosis in young men (Sellars and Phillips, 1946), 
and chronic fibroblastic myocarditis (Ware and 
Chapman, 1947) Again, the pronounced degree 
of cardiac enlargement has sometimes been empha- 
sized m a title such as massive cardiac hypertrophy 
(Doane and Shversky, 1944), while the arrhythmia 
which is common in such conditions has twice 
furnished the heading (Major and Wahl, 1932, 
Addani, Mahaim, and Winston, 1946) Few of the 
cases published under these several titles are instances 
of the condition described here 

In the published cases of obscure cardiac enlarge- 
ment the metabolism of glycogen has often been 
discussed In Case 1 of the present senes, deposits 
of glycogen appeared in many scattered muscle 
fibres m the left ventricle and the right auncle, and 
in the vastus extemus muscle Russell (1948) 
sought to control this finding from the examination 
of 1 1 cases at necropsy which took place from 4 to 
34 hours after death, they showed scanty amounts 
of glycogen in the ordinary muscle fibres compared 
with that found m Case 1 which was examined 
56 hours after death Berhnger (1912) found little 
glycogen m 25 hearts beyond occasional traces in 
those cases where necropsy was delayed till five 
hours after death, the auncular appendage con- 
tained more glycogen than other parts The work 
of Vallancc-Owen (1948), however, has shown that 
post-mortem material does not appreciably lose its 
glycogen content up to 50 hours before fixation if 
kept in a cold chamber , this has corrected the custo- 
mary belief that when glycogen is found in old 
post-mortem tissue, more would have been found 
had fixation of the tissue been earned out immediately 
after death The small amount of glycogen found 
in the liver in Case 1 is without significance for 
Popper and Wozasak (1930) found glycogen m 
cases of heart failure No glycogen was found in 
the kidney, spleen, or central nervous system in 


Case 1 The patients described m this paper are 
not examples of glycogenic or von Gierke’s disease 
(1929), a condition found in infants where glycogen 
accumulating in the liver, and rarely in the kidneys 
and the heart, causes the viscus to enlarge, and where 
biochemical tests establish a failure m glycogenolysis 
so that there is ketosis, hypoglycemia, with absence 
of the normal rise in the blood sugar after adrena 
line, and an abnormal blood sugar curve after 
glucose, together with a raised blood glycogen and 
blood cholesterol (Ellis and Payne, 1936) Gardner 
and Simpson (1938) found 40 reported cases of 
glycogenic disease, but in none of them had death 
taken place suddenly or required a medico-legal 
examination They recorded the first example of 
tins, a boy aged 1 1 years The age of this patient 
was also exceptional because in the ten previously 
recorded cases of glycogenic disease in which the 
'presence of excessive glycogen had been demon 
strated in the heart muscle, either by Best’s stain or 
by chemical analysis, the ages ranged from 5 weeks 
to 8 months Mason and Anderson (1941) have 
recommended that the term von Gierke’s disease 
should be confined to cases m which there is failure 
of glycogenolysis I agree with this view and would 
add a second criterion, namely, that the designation 
should be applied to the heart only when it has 
enlarged from accumulation of glycogen within it 
If these rules are applied it is likely that the diagnosis 
needs to be considered m infants and only rarely in 
older children or adults 

Of greater significance is the similarity of the signs 
met with in the present senes to those Found in 
Friedreich disease The familial and hereditary 
Dature of the illness in 3 out of 9 cases is comparable 
with a senes of patients with Fnedreich disease 
where 18 of 38 were the only members of their 
family to be affected Hie heart is commonly 
affected in Fnedreich disease for 12 out of 38 patients 
showed prominent electrocardiographic changes 
(Evans and Wnght, 1942), such irregulanties in the 
cardiogram told of an interruption of the conducting 
tissue with complete and bundle branch block, or of 
involvement of the myocardium producing inversion 
of the T waves reminiscent of cardiac infarction 
Because of the lesser degree of myocardial fibrosis 
m Friedreich disease, the remarkable widening of ^ 
the QRS complexes in some of the caics desen bed 
in this paper, is not found The size of the heart is 
not as great in Fnedreich disease, but to this find- 
ing there are exceptions especially when heart block 
is present On pathological grounds too the 
similanty of Fnedreich disease to the condition 
dealt with here is arresting Russell (1946), report- 
ing specially on the heart in four cases of Fnedreicn 
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disease, found a piece-meal destruction of muscle 
fibres with fibrosis and hypertrophy of the surviving 
fibres, and remarkably little cellular inflammatory 
infiltration, there was no glycogen in one heart, but 
it was not sought specially in the other three 
Naturally, the relation of this condition to Friedreich 
disease would be more definitely established if 
instances of each were met with in one family, but 
such a coincidence has not so far come to my notice 


Summarv 

There is described in this paper a distinct sj ndromc 
having a definite clinical, cardiographic, and patho- 
logical pattern 

Climcalh it is characterized by light symptoms 
at the start, and is often found fortuitously in a 
young adult during routine examination preliminary 
to admission to military service or civilian occupa- 
Uon Ultimately, palpitation, momentary giddiness, 
- and frank Stokes-Adams attacks may develop, and 
death may come suddenly during such episodes, or 
as the result of heart failure precipitated by the onset 
of paroxysmal tachycardia 
On examination the pulse is usually irregular 
from cxtrasystoles, paroxysmal tachycardia, auri- 
cular fibrillation, or heart block There is great 
enlargement of the heart, and the blood pressure is 
normal The heart sounds are usually clear, and 
there is either splitting of the second sound, or triple 
heart rhythm from the addition of the third heart 
sound There is no enlargement of the viscera, 
and serological tests and the blood chemistry are 
normal 

The electrocardiogram shows extrasystoles, paro- 
xysmal tachycardia, auricular fibrillation, or heart 
block, according to the kind of arrhythmia prevail- 
ing at the time, the QRS complexes are usually 
exceptionally wide, dependmg on the extent of the 
fibrosis and the size of the heart, and the T waves 
are inverted 

On cardioscopy there is enlargement of the heart, 
and as a rule the cardiomegaly is considerable 
The prognosis depends on the extent of the fibrosis 
and the associated cardiac enlargement Thus, it 
is poor in young subjects with great enlargement 
of the heart, but in older subjects with moderate 
cardiac enlargement the outlook can be favourable 
although recurrent Stokes-Adams attacks are a 
handicap if frequent 

Pathologically the condition shows fibrosis of 
the myocardium is usually conspicuous , this is 
associated with hypertrophy of the remaining muscle 
bres producing great cardiac enlargement Intra- 
cardiac thrombosis initiating embolism is an 

H 


expected complication Although glycogen may be 
present and even m slight excess of the normal, the 
syndrome described here should be regarded as a 
separate entity from glycogenic or von Gierke’s 
disease— is usually confined to young children 
or infants— where a viscus becomes distended 
by the large accumulation of glycogen within it, 
and where laboratory tests during life show faulty 
glycogcnolysis Neither does the syndrome include 
those cases of hypertrophy of muscle fibres m the 
absence of myocardial fibrosis 
The (etiology of the condition, although obscure, 
probably rests with an unknown factor which m 
Friedreich disease involves the central nervous 
system alone or along with the heart, and in the 
condition described here affects the heart exclusively, 
causing myocardial fibrosis Like Friedreich dis- 
ease too (he condition may be familial and hereditary, 
or it may arise sporadically and dc novo 
Having regard to the specificity of the condition 
and its chief characteristics I propose to name it 
Familial Cardiomegaly 


Applvdix 

Since this paper was written the mother of Case 8 
has been admitted to hospital She is 42 years of 
age and for two months has experienced short 
attacks of paroxysmal tachycardia Once she lost 
consciousness for six minutes Her pulse is regular 
and the blood pressure normal The apex beat is 
in the left anterior axillary line There are no 
murmurs A triple heart rhythm from addition of 
the fourth heart sound is caused by delayed A-V 
conduction and there is splitting of the second 
sound in the mitral area from bundle branch block, 
these findings have been confirmed by the phono^ 
cardiograph The electrocardiogram shows a pro- 
longed P-R period and bundle branch block On 
cardioscopy there is considerable generalized en- 
largement of the heart and much pulmonary 
congestion She is, therefore, another example of 
familial cardiomegaly, her son. Case 8, having died 
suddenly at the age of 16 from the same condition 
The addition of this patient to Cases 1,2, 3, and 8 
supplies five instances of the disease where a family 
history of the complaint was present 


I wish to thank Professor Dorothy Russell, not only 
for reporting on the pathological findings in Case 1, but 
also for her helpful discussion of the significance of 
these findings 

Six John Parkinson, Physician to the Cardiac Depart- 
ment, has given me advice on the writing of this paper 
Dr Maxwell Chance referred Case 1 to me and in this 
way enabled me to examine a brother (Case 2) and his 
mother (Case 3) Dr Francis Camps supplied me with 
the details of necropsy m Case 8 
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The action of digitalis on the circulation in man 
is not yet clearly understood There can be no 
doubt that it benefits most patients with congests e 
heart failure, but beyond this there is no certainty 
McKenzie (1905) believed that its value was 
greatest in cases of congestive heart failure with 
auricular fibrillation and could then be attributed to 
slowing of the ventricular rate , Lewis (1937) agreed 
maintaining that improvement was infrequent in 
•patients with normal rhythm, because slowing of the 
heart rate was often inconspicuous Dock and 
Tainter (1930) and Katz et al (1938) suggested that 
digitalis might act primarily by constricting the 
* hepatic vein, a throttle mechanism that was demon- 
strated m anaesthetized dogs, they claimed that the 
venous pressure was lowered by means of a bloodless 
venesection, blood being dammed back in the liver 
and portal system Such a theory harmonized with 
other findings, e g. digitalis reduced the cardiac 
output of normal dogs (Harrison and Leonard, 1926) 
and decreased the size of the heart in normal human 
beings (Stewart et al , 1938) In 1940, however, one 
of us was able to show that digitalis lowered the 
venous pressure in 90 per cent of cases of heart 
failure with normal rhythm, and that this was due 
neither to slowing of the heart rate nor to any 
hepatic vein throttle mechanism, for the venous 
pressure fell as sharply when cardiac slowing was 
prevented, and the liver and spleen shrank simul- 
taneously (Wood, 1940) More recently, McMichael 
and Sharpey-Schafer (1944) showed that mechanical 
lowering of the right auricular pressure by means of 
cuffs on the thighs produced effects on the catdiac 
output m man similar to those resulting from 
digitalis in cases of congestive heart failure the 
right auricular pressure fell and the cardiac output 
rose, in normal subjects the right auricular pressure 
fell and the cardiac output fell They suggested 
that digitalis might have a primary action in lower- 


ing venous pressure to which the other effects were 
subsidiary The authors admitted that the venous 
pressure was lowered but slightly in normal sub- 
jects, and conspicuously only when the initial level 
w'as high, but they attributed this to a logarithmic 
effect 

The object of the present investigation was to 
discover what action digitalis might have on the 
venous pressure when it was elevated from causes 
other than congestive heart failure 

Method Used 

A consecutive senes of twelve cases, in which the 
jugular venous pressure was raised clinically with- 
out any real evidence of congestive heart failure, 
was studied The nature of the matenal is shown m 
Table I The raised venous pressure was attnbuted 
to a hyperkinetic circulatory state in the cases of 
antenna and thyrotoxicosis, and to an increased 
blood volume in the cases of acute nephritis and 
artificial hydramia Hydnemia was induced by 
means of sodium chlonde 10 g , water 10-12 pints, 
and D O C A (desoxy-cortico-sterone acetate) 
25-50 mg daily for 7 to 14 days 
All observations were made with the subject lying 
more or less horizontal, the head being supported 
on one or two pillows The antecubital venous 
pressure was measured directly as described in a 
previous paper (Wood, 1940) The right auncular 
pressure was measured by means of a No 8, 9, or 
10 nylon cardiac catheter and a saline manometer, 
as described by McMichael and Sharpey-Schafer 
(1944), only mean pressures can be recorded by 
this method The cardiac output was estimated by 
means of Fick’s formula, the arteriovenous oxygen 
difference being obtained by analysing arterial and 
right auricular blood samples in a modified Haldane 
blood gas apparatus, and the oxygen consumption 
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by means of a Benedict-Roth spirometer In some 
cases the arterial blood was assumed to be 95 per 
cent saturated with oxygen The oxygen capacity 
was either estimated directly by the fcmcyamde 
method or calculated from the htemoglobin value, 
results approximating closely when both methods 
were employed The catheter was passed without 
X-ray control to make certain the tip was in the 
right auncle, the right ventncle was always entered, 
and the catheter was then withdrawn slowly until the 
pressure suddenly fell and conspicuous pulsation 
ceased 

Results 

Congestnc Heart Failure In four controls with 
clinical congesuve heart failure, mostly hypertensives, 
the venous or right auricular pressure fell sharply 
and considerably within half an hour of giving 
1 5 mg of digoxin intravenously, whether initial 
readings were high or relatively low (Fig 1) At 
the same tune the cardiac output rose, the pulse 
usually slowed, and the blood pressure rose (Fig 2) 
These cases illustrated the well-known response of 
heart failure to digitalis and proved that the 


digoxin was potent and that the dose of 1 5 mg was 
sufficient 

Aiucnua There were three cases of severe 
pernicious anaimia in all the jugular venous pres- 
sures were raised as judged clinically The cardiac 
output was 10-14 litres a minute in one of them, 
7 litres a minute in another, and was not measured 
in the third Intravenous digoxin had no effect on 
the venous or right auricular pressures and did not 
alter the cardiac output, the blood pressure, how- 
ever, rose (Fig 3) 

Thyrotoxicosis There were two cases of thyro- 
toxicosis in which the jugular venous pressures were 
raised as judged clinically one was complicated bj 
moderate hypochromic anrcmia, the other by 
atherosclerotic aortic incompetence The cardiac 
output was 12 litres a minute in the first, 9 6 in the 
second Intravenous digoxin had no effect on the 
right auricular pressure in either, the cardiac output 
fell appreciably in one of them, but this could be 
attributed to slowing of the pulse rate (Fig 4) 

Acute Nephritis There was one case of classical 
acute nephritis, one of chronic nephritis with an 
acute flare-up, and one in which the diagnosis was 



° ' Congestive heart ^ a i! urc effect of intravenous digoxin on The venous or right auricular 

pressure in four cases -of congestive heart failure with normal rhvthm 
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-FiG 2 Hypertensive heart failure The effects of intravenoiis digoxm on the blood pressure pulse* 
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for ]4days 


uncertain, this was a case in which transient cedema 
suddenly developed a fortnight or so after an acute 
upper respiratory tract infection, but the blood 
pressure, urine, and measured renal function re- 
mained normal All three had a raised jugular 
venous pressure 

Intravenous d tgoxin (1,5 mg ) did not influence 
the right auricular pressure or cardiac output m 
any of them, but the blood pressure rose as usual, 
and the pulse rate tended to fall (Fig 5) 

Artificial Hydrarrua Considerable increase in 
body weight, generalized cedema, and a raised 
jugular venous pressure were produced m three 
cases by means of salt, water, and desoxy-cortico- 
sterone Intravenous digoxm (15 mg ) did not 
effect the right auricular pressure or the cardiac 
output m two of them, nor the venous pressure in 
the third (which was not cathetenzed) The blood 


( 

pressure rose and the pulse rate fell slightly in the 
case illustrated (Fig 6, see p 90) 

Chronic Const rictne Pericarditis Only one case 
of Pick s disease was investigated, and the oppor- 
tunity to catbefenze a case of pericardial effusion 
did not arise Intravenous digoxm (1 5 mg ) caused 
a rise in blood pressure and a fall in pulse rate, but 
had no influence on the right auricular pressure 
The cardiac output was not measured when the pulse 
/reached its lowest level, but was not altered 10 and 
40 minutes after the injecUon when the pulse rate 
was still unchanged or had practically regained its 
former level respectively (Fig 7, see p 91) 

Summary of Results 

Digoxm thus had no effect on the right auricular 
pressure in these twelve cases (Fig 8) The blood 
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Fig 3 — Pernicious umerrua The effect of intravenous digoxin in a case of pernicious anarmia The 
cardiac output has fallen with the pulse rate, but there is no effect on the right auricular pressure 
Oxygen capacity 4 8 vol per cent Hemoglobin 3 6 g per 100 ml (21 percent Sahli) Early oxygen 
consumption 390, late oxygen consumption 374 R V P 24 cm saline A-V difference 28 6-37 6 
ml /litre _ v 


pressure usually rose, and the pulse rate tended to 
fall, the cardiac output also fell if the pulse rate 
diminished sufficiently 

The cases were selected at random and represented 
any condition that was encountered by the authors 
during 1947 and 1948 m which a raised jugular 
venous pressure could be attributed to causes other 
than congestive heart failure, moreover, they were 
consecutive, and no such cases have been excluded 

Absence of congestive heart failure was confirmed 
by the behaviour of the cardiac output and by the 
arteriovenous oxygen difference The former was 
high or normal, except in one (Case 10) complicated 
byjiausea and vomiting, it fell with rest and slowing 
of the pulse, and was 'certainly capable of being 
raised considerably in some cases, if not in all 
The latter was normal or less than normal, and was 
never increased (except in Case 10) In congestive 
heart failure proper the cardiac output is low, or if 
it is normal or raised it is not as high as it should be, 


in other words the circulation is incapable of meet- 
ing the demands of-the body, the most consistent 
finding being an increased arteriovenous oxygen 
difference (Stead, Warren, and Brannon, 1948) 

If digitalis had a primary action in lowering 
venous pressure it is difficult to believe that it would 
only influence the right auricular pressure m cases 
of congestive heart failure The dose used, 1 5 mg 
of digoxm intravenously, was the same as that 
employed by McMichael and Sharpey-Schafer 
(1944), was sufficient to raise the blood'pressure and 
slow the pulse rate m most cases, and bad the usual 
effect in heart failure Nevertheless, it is admitted 
that a larger dose might possibly be required in the 
type of cases investigated in this paper 
If digitalis does not have a primary action in 
lowering venous pressure, its apparent ill effect in 
cases of chrome pulmonary heart failure secondary 
to emphysema (Howarth, McMichael, and Sharpey- 
Schafer, 1948) should be reviewed 
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Fl ° „ 4 „ J^yrotoxicosis and , an;cm ' a The e/fect of intravenous digoxin in a case of thyrotoxicosis and 
antenna The fall m cardiac output parallels the fail in pulse rate, but there is no change m the nght 
P ^ SUr< ; BP 205/100/50 throughout Oxygen capacity 11 5 vol per cent H.-cmoglobin 
8 f/ht ^ 100 m 0xyeen consumption 3S0 ml /mm R.VP 37 cm salme A-V difference 31-39 


Summary and Conclusions 

The effect of digoxin on the venous pressure or 
nght auncular pressure was investigated in four, 
cases of classical congestive heart failure with normal 
rhythm and m twelve cases m which the venous 
pressure was raised for other reasons These cases 
included anaemia, thyrotoxicosis, acute nephritis, 
artificial hydremia, and chrome constrictive peri- 
carditis The dose of digoxin was 1 5 mg intra- 
venously in all instances 

In the four examples of congestive heart failure 
the venous pressure or nght auncular pressure fell 
conspicuously within 30 minutes, and the cardiac 
output, when measured, rose. 


In the twelve patients without congestive heart 
failure the nght auncular pressure did not alter 
appreciably within 40 minutes The cardiac output, 
when measured, was either unchanged or fell with 
the pulse rate 

A conspicuous pressor effect was demonstrated in 
most cases 

It is concluded that intravenous digoxin, in doses 
of 1 5 mg intravenously, does not pnmanly lower 
the venous pressure, at least in the type of case 
desen bed 

As a corollary, it is suggested that the effect of 
digoxin op the venous pressure in cases of congestive 
heart failure may yet depend upon its direct action 
on the heart, as originally believed 



89 


DIGITALIS AND VENOUS PRESSURE 

References 


Dock, \Y , and Tamtcr, M L (1930) J Clin Imcst , 
8, 467 

Hamson, T R and Leonard, B \V (1926-7) Ibid , 
3, 1 

Howarth, S , McMichacl, J , and Sharpcy-Schafer, E P 
(1948) Chn Sci , 6, 187 

Katz, L N , Mcndlowitz, M , and Kaplan, H A (1938) 
Anicr Hear 1 J , 16, 149 

, Rodbard, S , Friend, M , and Rottcrsraan, W 

(1938) J Pharm Exper Thcr , 61 , 1 


Lewis, T (1937) Diseases of the Heart 2nd cd .London 
McKenzie, J (1905) Drlt wed J , 1, 587 
McMichacl, J , and Sharpcy-Schafer, E P (194 4a) 
Quart J Med, 13, 123 

, (19446) Brit Heart J , 6, 33 

Stead, E A , Warren, J V , and Brannon, E, S (1948) 
Arner Heart J , 35, 529 

Stewart, H~J , Dcitnch, J E, Crane, N F , and Wheeler, 
C H (1938) Arch intern Med, 62,569 
Wood, P H (1940) Brit Heart J , 2, 132 



MlNOTfS 

11,0 ^ —Acute nephritis The effect of intravenous digoxm in a case of acute nephritis There is no 
significant change in cardiac output or right auricular pressure, but there is a conspicuous nse of blood 
pressure Oxygen capacity 16 9 vol per cent Haemoglobin 12 6 g per 100 ml Oxvgen consumption 
-57 ml /mm R V P 20 cm saline A-V difference 46 5—51 5 ml /litre 
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n i wu<es 

p IQ 6 — Irtduccd hydiremia The effect of intravenous digoxw in a case of induced hi’drarmia. There is 
no change in the nght auricular pressure The usual pressor and slowing effects may be noted Basal 
oxygen uptake 208 ml /min Oxygen capacity 161 ml /litre Hemoglobin 12 g per 100 ml R.V.P 14 
s cm saline PAP 24 cm saline A-V difference 105-115 ml /litre Fourteen days preparation NaCl 

10 g daily Water 10-12 pints DOCA 25-50 mg Gained 11 lb CEdema+ J V P +2-3 at 35" 
Some nausea and vomiting 


Fig 7 and 8 See next page - 
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PROCEEDINGS OF THE BRITISH CARDIAC SOCIETY 


A special Autumn Meeting of the British 
Cardiac Society was held at the Royal Society of 
Medicine, London on October 29, 1948 Chairman 
John Hay The Chairman took the chair at 
9 30 a m , 89 members and 38 visitors were present 

Chest Leads 

Terence East moved the adoption of the report 
, that had been prepared by Curtis Bam, I G W 
Hill, Paul Wood and himself at the request of the 
Council (see page 203) 

The following members then took part in -the 
discussion 

William Evans Since the introduction into this 
country of unipolar chest leads they had been 
accepted as ideal on theoretical grounds Doubtless 
in time things would sort themselves out, but in the 
meantime we must decide what helped us most when 
a patient with cardiac pain came to us for diagnosis 
Leatham had made a valuable contribution to this 
subject and we could see more clearly what we 
should do in the future , The following points which 
had been the mam outcome of this study and of the 
application of the three chest leads, CR, CF, and V, 
w actual practice 

(1) Since the T nave was so often inverted in CF 
leads in health, this lead should be discarded 
(2) CR 1 depicted the P waves better than did V], 
and for this reason it was a better lead to use in 
arrhythmia (3) Since the R wave was better por- 
trayed in CR1 than in VI, it proved a better lead 
for the diagnosis of septal infarction „ (4) Since the 
T nave was so often inverled in VI in healthy adults, 
CR 1 was a better lead to use in the diagnosis of nght 
heart preponderance, for the T wave was seldom 
inverted in this lead in healthy adults (5) Agam, 
since the T wavejn V leads was usually small at the 
chest stations 6 and 7, sometimes becoming flat or 
inverted m health, the CR lead was superior in that 
the T wave in CR7 was always upright in health 
For these reasons anyone Uho customarily used 
CR leads need not change to unipolar chest leads in 
the hope that they would gam additional information 
in clinical diagnosis, for they would be disappointed 

Paul Wood A discussion on which chest leads 
are the best is not profitable, because they are all 
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facets of the same thing thus conclusions drawn 
after comparing CR, CF, and V leads are obvious 
if unipolar limb leads have been taken with anj 
chest lead The time had^surely come to adopt 
unipolar leads m general. * 

The question of how best to mount the records 
might be trivial, but it seemed to be a problem that 
needed solution The obvious way was to mount 
the chest leads around a diagrammatic section of the 
heart in the positions from which they were actually 
taken, and to set Fmthoven’s tnangle about them, 
the unipolar limb leads appearing at the apices and 
the standard leads along the sides This, however, 
was admittedly Impracticable The next step was 
to make a more schematic diagram of the heart in 
the centre of the tnangle, so that the chest leads 
appeared in a horizontal straight line This was 
also too labonous The diagram of the heart could 
be omitted with advantage, the leads being placed 
as before with reference to Emlhoven’s tnangle 
Finally, the tnangle could be dropped, and lead 
VF brought into line between leads II and HI The 
result was neat, and the individual leads could be 
easily picked out according to their geographical 
relationship to an imaginary Einthoven’s tnangle 
Figures illustrating these suggestions were shown 

K D Wilkinson Being old, I am not yet con 
vrnced that multiple electrocardiographic leads offer 
us greater secunty in the diagnosis of coronary 
occlusion These leads, if taken, should be recorded 
in the simplest possible form, and it seems to me 
that we shall only reach a definite conclusion when, 
by combination, we have records of a large number 
of cases complete with electrocardiograms and the 
findings of autopsies fri the meantime, I want to 
stress the importance of taking a good history in 
every case 

Morgan Jones It is not claimed that the 
“ unipolar ” limb leads are precisely unipolar, so 
it is perhaps best to call them “ extremity potentials ” 
Goldberger’s “ augmented unipolar ” limb leads 
have two advantages over the original Wilson leads 
(a). the lead connections necessitate only one elec- 
trode on each limb, and (b) the potential changes are 
conveniently large They omit the Wilson resist- 
ances, however, and Bryant and Johnston have 
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shown that this omission introduces significant 
error in a small percentage of cases So, although 
Wilson adopted the Goldberger technique, he pre- 
ferred to retain the resistances and this appears to 
be" the most acceptable method for general use 
i In recording either the pnecordial or the extremity 
potentials, it is not correct to say that the resistances 
ate unnecessary if the skin resistance is low, the 
purpose of the resistances is to prevent an appreci- 
able flow of current 'when there is a considerable 
potential difference between points coupled together 
— they are therefore more necessary if skin resistance 
is very low In practice, the resistances are natur- 
ally more advisable in recording extremity than 
praecordial potentials The Wilson resistances have 
the same effect as a high skin resistance in increasing 
the tendency to pick up alternating current. To 
reduce interference when recording the classical limb 
leads, it has always been the custom to earth the 
“ spare- ’ limb through the instrument but, when 
either the central terminal or the Goldberger tech- 
''mque is used, all three limbs are required, so it is 
impossible to earth any of them Therefore, to 
reduce interference, all switches designed for record- 
ing “ unipolar” leads should incorporate a connec- 
tion to the right leg which is constantly earthed 
The importance of using a considerable number of 
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pnecordial leads has been "underestimated These 
leads reflect principally the potential changes of- a 
small part of the ventricular muscle adjacent to the 
electrode, so records from three or less positions 
may fail to show a lesion confined to part of the 
anterior ventricular wall This is especially im- 
portant in the recognition of anterior infarction, for 
only one of the six usual praecordial leads may reveal 
diagnostic abnormalities In addition, multiple 
pnecordial leads give valuable information con- 
cerning the extent of the infarct Further, as the 
electrode is moved across the pnccordium, the 
progressive changes in the ventricular complex form 
a regular pattern in normal subjects, and disturb- 
ances of this pattern from disease cannot always Tie 
recognized when the form of the complex is known 
only at two or three points Finally, it cannot be 
over-emphasized that the right pnecordial potentials 
rarely influence the extremity potentials, so that 
anteroseptal infarction is usually associated with a 
normal limb lead electrocardiogram 

After further discussion the Society then approved 
the publication of the Report as an expression of 
the present views of the majonty of its members 
[The Report is published on page 1 03 of this number ] 


Short Communications 

A Clinical Comparison of CR, CF, and V Leads in Health and Disease 

By Aubrey Leatham 
{Introduced by William Evans) 


On 500 patients, including 100 controls, leads CR 
CF, and V 1-7, standard limbs leads and unipolar 
limb leads have been taken Analysis of the chest 
leads on a purely practical basis has led to four 
main conclusions 

Since the CF electrocardiogram so often appears 
abnormal in Jhealth it is best to forego it in routine 
practice 

In ventricular preponderance, bundle branch 
block, posterior cardiac infarction, and in most 
cases of anterior infarction, a comparison of the CR 
and V electrocardiograms showed that there were 


no significant differences between the QRS com- 
plexes and T waves 

In 30 patients with anterior or antero-lateral 
cardiac infarction showing slight cardiographic ^ 
_ changes, the abnormalities were seen more plainly 
in the V leads, although in only one were they absent 
from the CR leads 

On the other hand, the T inversion commonly 
found in VI in health and occasionally in V7 might 
be considered a disadvantage In practice, there- 
fore, neither electrocardiogram has shown much, 
superiority over the other ' 1 


A Comparison of Standard Leads, Unipolar Limb Leads, and Pr/ecordial Leads 


By D R Cameron 


{Introduced by J H' Wright) 


Standard limb leads, unipolar limb leads (WiJ 
r^ berger techniques) and pnecordial le 
. , 0 CL, CF, and V (Goldberger) types v 
'en in 30 normal and 30 abnormal subjects 


The site of the remote electrode may have con- 
siderable effect on the form of the pracordial 
cardiogram Any component — P, QRS, S-T or 
T — may be affected 
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In the normal case, differences are usually most 
obvious m the extreme right (1 and 2) or left (5 and 6) 
positions, where the amplitude of the deflections is 
small and therefore more liable to noticeable dis- 
tortion They are also more obvious in P and T 
because (a) deflections are smaller, and (b) duration 
is longer than in QRS 

In certain abnormal cases, the differences may be 
most obvious in the transitional zone (3 and 4)' 

Prediction of the differences in CR, CL, and CF 
is possible from a study of any one of them in 
conjunction with the S limb leads (of Wolfirth and 
Wood) 

The V leads always occupy an intermediate 
position between the extremes of the other pracordia! 


leads, ie distortion is reduced to a minimum 
Consideration of the unipolar limb and pracordial 
leads' renders possible a fairly accurate prediction of 
CR, CL, and CF leads In the normal cases 
the vanations depend maihly on the position of 
the heart In the abnormal cases they depend 
also on the nature and site of the lesion 
Preliminary study (6 cases) indicated no significant 
differences in V (Goldberger) and V (Wilson) 
prtecordial leads 

The augmented Goldberger technique for umpolar 
hmb leads seems in some cases to give larger ampli- 
tudes than could theoretically be expected, though 
the form of the complex is unaltered 


Unipolar Electrocardiograms in Coronary Thrombosis 
By Anne C Attkenhead — 

{Introduced by J fj Wright) 


The present contribution deals with 150 cases 
mostly oT coronary thrombosis studied by unipolar 
leads over the past three years In most early cases, 
serial tracings were taken every few days and cases 
studied at the beginning of the investigation have 
been recalled for check-up The cases have been 
classified according to localization of infarct after 
the method of Wilson and the relative frequency 
of the different sites has been noted 
While many fit into the well recognized groups, a 
considerable number arc atypical, eg a typical 
T HI electrocardiogram in standard limb leads may 
be associated with a small R in leads over right side 
of pnecordmm and not the usual large R The 


coexistence of left ventricular hypertrophy is a 
complicating factor in leads over left side ofpne 
cordium but the height of R and the level of S~T 
help to differentiate 

Serial tracings have shown the regression of an 
infarct from its edges inwards, thus an antero-septaJ 
and antero-lateral infarct shows most rapid signs of 
heahng m V6 and later V5 and also in VI and later 
V2 while V3 or V4 may be the last to return to more 
or less normal We have used V7 frequently and 
find it particularly useful in postero-Iateral infarcts 
where it may be the only lead which overlies the 
infaret directly (albeit only its edge) Leads V5 and 
V6 are not infrequently redundant 


Cardiac Pain with Recovery of the T Wave 
By Terence East and S Oram 
Published in full, Brit Heart J (1948), 10, 263 


The Effect of Posture upon- Normal and Abnormal Electrocardiograms 
By A Morgan Jones, H K Hellerstein, and Harold Feil {introduced) 


' The effect of posture upon the standard limb leads, 
the extremity and praxordial potentials has been 
studied in 100 cases, 20 normal, 20 right, and 20 left 
bundle branch block, 20 with isolated right ven- 
ricular enlargement, and 20 with isolated left ven- 
tricular enlargement Hectrocardiogrmns were re- 

:orded in the supme, sitting, right * nd 
Dositmns except in the cases with bundle branch 


block, m which the sifting posture was not studied 
In normal subjects the axis could be changed 
within wide limits m a considerable proportion of 
cases, sometimes over almost the whole normal 
range from +90° to 0°, but m no case did the axis 
fall outside normal limits in the postures studied 
The iixis was usually farthest to the left in the sitting 
posture and to the right in the left lateral position 
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The changes were due to reversal of the form of the 
extremity potentials of the left arm and left leg, 
the pnecordial potentials remained of the same 
general form, but the transitional zone rotated to 
the left when the axis in the standard limb leads 
shifted to the right T wave changes w ere associated 
with the QRS changes 

- In left bundle branch block \ery sinking changes 
occurred, especially on turning into the left lateral 
position In this posture abnormal nght axis devia- 
tion appeared m 4 cases, and the limb lead cardio- 
grams simulated nght bundle branch block, the 
pnecordial potentials remained substantial^ un- 
changed and m all positions were charactcnstic of 
left bundle branch block The changes were much 
less stnking m nght bundle branch block, the limb 
leads being substantially of the same form in all 
positions 

In lejt ventncular enlargement even more stnking 
changes were present, again most extreme in the 
left lateral position In that position abnormal 
nght axis deviation appeared, and ST-T changes 


appeared in lead III instead of in lead I, owing to 
reversal of the form of the extremity potentials of 
the left arm and left foot The appearances in this 
position thus often simulated those of nght ven- 
tncular enlargement, but the pnecordial potentials 
remained characteristic of left ventncular enlarge- 
ment In cases with right ventricular enlargement 
the changes in the limb leads were very slight and 
did not simulate left rcntncular enlargement in any 
position 

The sinking postural changes in left ventncular 
enlargement and in left bundle branch block were 
compared with the slight changes in nght \entncular 
enlargement and nght bundle branch block If the 
amount of axis change is taken as an indication of 
the extent of the changes in pattern, there is a 
statistically significant difference between the extent 
of the changes in left ventncular enlargement and 
m normal subjects on the one hand, and between 
normal subjects and nght ventncular enlargement 
on the other Possible reasons for this difference 
were discussed 


Subacute Bacterial Endocarditis 
B v K D Wilkinson 


The Birmingham centre has treated 63 cases and 
has had 12 relapses The Streptococcus vtndarts is 
the infecting organism m over 90 per cent of cases 
Fifty-eight per cent of all cases have been cured 
and are alive, many at full work as before their 
infection 

When the centre began we used a dosage of 

0 25 mega units daily and met 4 cases with infections 
that could not be controlled With a dosage of 

1 mega unit daily for 28 days the results have been 
better For a relapse 2 mega units daily for 6 
weeks is the usual dose, but for one highly resistant 
Streptococcus D a dosage of 1 1 5 mega units dady 
for 6 weeks resulted m a cure There have been no 
fadures to cure the infection with the bigger doses 

The initial symptoms of a relapse may be very 
slight as patients are under supervision the relapses 
are detected early and treated efficiently and early 
It is probable that the early symptoms of most cases 
of infective endocarditis are sight, and it seems most 
important to point out the early symptoms so that 
all cases may be investigated and brought under 
treatment as early as possible 
A change in health _ is the first thing noticed 
e\er, seldom high, sweating, especially at night, 
malaise, lassitude, and vague pains in back or limbs 
w ich is commonly diagnosed as_ influenza Some 
anorexia and loss of weight occur, but these symp- 


toms tend to be slight and vague Even those who 
have had a similar illness before tend to say “ I 
don’t feel well ” 

The physical signs may be almost as slight and ~ 
vague Splenic enlargement and changes in the 
heart murmurs are among the most definite Major 
embolic manifestations are unusual but inter- 
mittent albuminuria with blood cells and casts in 
the urine are quite the most frequent significant - 
sign 

There were 2 cases of hemiplegia, 1 of aphasia 
with no other definite nervous lesion, 2 of repeated 
pulmonary embolism, and 1 with glycosuria which 
disappeared as the infection was brought under 
control . 

The best results are obtained m those who come 
under treatment early The mouth is far the most 
important source of infection m eight of this senes 
the extraction of teeth was related to the onset of 
symptoms so definitely that there can be no doubt 
that the operation acted as a trigger, but gingival 
infection is at least as important as apical abscesses 
The patient with the resistant Streptococcus D 
whom I have mentioned as cured by 1 1 5 mega units 
daily for 6 weeks began to respond after an extensive' 
excision of swollen infected gingival margins 

Teeth and gingival infection can he treated while 
the patient is on the penicillin course, and this is 
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very important if relapses are to be avoided As 
might be expected, the blood urea gives some 
indication of the seventy of renal damage Those 
patients with raised blood ureas do less well as a 
rule Haemoglobin estimations are important Bram- 
well stated in his recent paper that the rate of 
hemoglobin recovery was slow recalling a few 
individual cases I doubted this, but on working out 
the recovery curves of all our cases I find that the 
observation is perfectly correct The blood re- 
covery rate contrasts most remarkably with the 


results of iron therapy m low colour-index anemias 
or liver treatment in typical Addisonian anemia 
In cases of infective endocarditis who had no 
hematmics or transfusion in the first month the 
average gain of hemoglobin is 3 5 per cent, 1 e from 
76 to 79 per cent In the second month all the 
records tend upwards, the average gam being 
8 per cent, i e from 79 to 87 per cent, while in the 
third month the nse was 7 per cent, i e from 87 to 
94 per cent 


Mitral Stenosis in Later Life 
B y Harold Cookson 


Results of observations on 36 cases with mitral 
stenosis ranging m age from 51 to 77 years were 
reported Women outnumbered men by 3 to 1, 
and most of the patients were seen m private 
practice A clear history of rheumatic fever or 
chorea was given by 13, and in a further 8 heart 
disease or a valve lesion had been diagnosed in 
early life In 4 cases the first known attack of 
rheumatic fever occurred at the age of 34 or later 
All patients had lead normal active lives up to the 
sixth, seventh, or eighth decade, and 15 of the 2i 
married women had had children When first seen 
32 patients had auricular fibrillation, and 2 auricular 
tachycardia, and the onset of an arrhythmia seems 


nearly always to coincide with the first appearance 
of symptoms Hypertension-was present in a high 
proportion 

The criteria of-diagnosis were given The X ray 
appearances of the heart and great vessels, which 
differ in some ways from what has been regarded as 
the characteristic picture of mitral stenosis, were 
described Prognosis, cause of death, and necropsy 
findings (3 cases) were dealt with The mtiology of 
the valve disease was considered to be rheumatic 
in all cases, and the reasons for the latency of tho 
.lesion until late m life was discussed Reasons were 
given Tor thinking that the diagnosis of mitral 
stenosis m later life is often missed 


An -Artificial Circulation 
By R J S McDowall 


This artificial circulation is' a robust piece of 
apparatus which has been in use by medical students 
for a year By means of it, the mam mechanical 
features of the circulation of the blood may be 
shown 

The pump has the special feature that its output 
can be shown to depend both on its input and to a 
'limited extent on the frequency of its stroke It 
consists essentially of a piece of flattened bicycle 
1 -inch inner tubing 4 inches long which is compressed 
by a moving plate .controlled by a cam A large 
inlet “ valve ” of little resistance is provided by the 
closure of the inlet by a narrow plate dnven by 
another cam on the same shaft just before the main 
stroke of the pump A veryTobust and simple exit 
valve is provided by a piece of inner tubing stretched 
over a piece of brass tub.ng into the outer end of 
which is inserted a wider flat piece of bakehte A 
visible flow indicator m the system is provided by a ^ 


bent tube inside a small Kjeldahl flask, the flow 
being directed against the side of the flask to avoid 
frothing 

The rate of the pump can be altered by changing 
the starting resistance of the motor driving the cam- 
shaft and the effects of tachycardia shown 

The ‘ arterial ” pressure taken on a mercury 
manometer can be altered up to 200 mm Hg by 
changing -the filling of the heart, its rate within 
limits, and by varying the resistance of the system 
Increased filling of the heart is produced by raising 
the lunged part of the system to thebonzontal or by 
compressing the ‘ blood depot " which is a piece of 
inner tube which can be rolled up The air pressure 
can be adjusted in the bottle so that the changes in 
“heart ” output become visible 
The “ venous pressure ” taken on a manometer 
(a harrow burette with a fountain-pen cap as a 
piston), can be shown to be affected by the amount 
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of circulating fluid, by the capacity of the system, 
which can be increased b\ unrolling the “ blood 
depot,” by the peripheral resistance, and by the 
output of the~pump If the pump is slowed or 
stopped, the “ venous pressure ” rises markedly as 
in cardiac disease 

A reduction of the elasucity of the system to 
imitate hardened artenes provided by the inverted 
bottle is effected by pinching the tube and is shown 


to increase the pulse pressure and render the flow in 
-the flow-meter intermittent 

A lever system from the rubber valve chamber 
may be added to record the rapid changes in the 
“ arterial pressure better than the mercury mano- 
meter 

For making original forms of the pump and the 
exit valve I am particularly indebted to Dr A E 
Schuster 


The Effect of Digitalis on the Venous Pressure 
By Paul Wood and John Paulett {introduced) 
Published in full, Brit Heart J (1949), II S3 


Heart Failure and Tricuspid Incompetence 
By W Brigden and E P Sharpey-Schafer 


It was shown previously that m cases of tricuspid 
incompetence mean right auricular pressure was 
higher than the mean pressure in a peripheral vein, 
a phenomenon that can be reproduced in a simple 
mechanical model In cases with tricuspid in- 
competence it may be difficult to decide to what 
extent the high venous pressure results from in- 
competence or from heart failure Manometnc 
curves of right auricular pressure show a high 
systolic curve and indicate the diastolic pressure 
level 'Continuous recording of pressure waves on 
rapid withdrawal of the catheter from auricle to 
peripheral vein show damping out of the systolic 


pulsations in the peripheral vein The presence or 
absence of heart failure may also be demonstrated 
by measuring the response of the forearm flow to 
changes in posture In the normal subject the 
forearm vessels constrict on tipping into the upright 
posture, while m cases of left heart failure, with or 
without high nght auricular pressures, constriction 
occurs in the supine position Some cases of 
tricuspid incompetence 'show the same response of 
the forearm vessels as the normal subject to changes 
in posture, although systolic and mean nght auncular 
pressures are high 


Angiocardiography in Congenital Heart Disease 
By Maurice Campbell and T H Hills {introduced) 


The apparatus consists of a special trolley over 
which an X-ray tube is located at a suitable height 
Just below the trolley top is a 15 by 16 inch fluore- 
scent screen and the image produced at -this plane is 
recorded by a large roll-film camera 

Exposures are made at the rate of one a second 
on a film whose width is such that the finished 
negatives are about 5 by 5 inches square As many 
as fifty consecutive exposures could be obtained' 
but in practice the number is normally limited to 
fifteen 

The opaque medium used is a 70 per cent solution 
of diodrast in water, and a preliminary sensitivity 
test is earned out 

Success depends on the intravenous injection of 


from 30 to 50 ml of the dye m a maximum of 2 
seconds It is usually necessary to expose a vein 
m the arm and insert a wide gauge canula A 
preliminary injection of 20 ml of saline demonstrates 
the suitability of the vein and the speed with which - 
the injection can be made About five seconds after 
the injection the patient feels a sensation of heat 
which reaches its maximum rapidly and fades more 
slowly within two minutes 
It is not practicable to carry out this investigation 
m small or nervous children without an anaesthetic, 
and this must add to the risk The best anaesthetic 
is probably the combination of cyclopropane and 
oxygen Oxygen should be continued till normal 
conscious respiration has been restored 
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In Fallot’s tetralogy the interpretation of the 
films can be considered under two headings 
Firstly, the volume shunt of blood from right to 
left is estimated by the degree of filling of the aorta 
which is generally seen as early as two seconds 
_ after the injection The presence- of dye in the 
subclavian artery, the abdominal aorta, and the 
kidneys gives additional direct evidence of the pro- 
portion of dye taking this route 
Secondly, the pulmonary arteries usually show 
some filling at about two seconds but the degree of 
stenosis cannot be assessed on this time basis alone 
If there is much flow of dye through the lungs then- 
general density will show a steady increase to a 
maximum in about eight seconds This estimation of 
the changing density of the lung fields would appear 
~ to be a more valuable observation than the actual 
time and degree of filling of the pulmonary arteries 
The first film of the senes will often show some 
venous backflow due to a temporary rise of venous 
pressure Traces of dye may be seen in the infenor 
vena cava and the internal jugular vein This 
abnormal pressure must be taken into account when 
- estimating any volume shunt but is not likely to 
persist after the first two seconds 


In cases that appear to be typical instances of 
Fallot’s tetralogy evidence of a right to left shunt 
has been obtained regularly In one case thought to 

be Fallot’s tetralogy no nght to left shunt was found 
and post-mortem there was high grade pulmonary 
stenosis with a small auncular septal defect without 
the other features of Fallot’s tetralogy A moderate 
nght to left shunt has sometimes been suggested m 
cases that were not obviously cyanotic 
Our early clinical impression is that the method 
is perhaps less sensitive m detecting pulmonary 
stenosis, presumably in cases where this is not so 
severe This differentiation may prove of value in 
estimating the degree of success following a systemic- 
pulmonary anastomosis or in chosing cases suitable 
for pulmonary valvulotomy 
In addition, a high proportion of angiocardio- 
grams show points of interest that were not sus- 
pected — a double superior vena cava, a large 
pulmonary artery on one side with obstruction on 
the other side, and a widespread venous anastomosis 
on the nght side In one case regarded as tri- 
cuspid atresia with non-functioning nght ventricle 
the angiocardiogram provided good supporting 
evidence 


Circulation Times in Congenital Heart Disease 

By K D Allanby 
(Introduced by Maurice Campbell) 

To be published m full, Brit Heart J , April, 1949 


Apical Diastolic Murmurs in Severe An^sua 


By H E 

A murmur closely simulating that of mitral 
- stenosis can occur occasionally in cases of severe 
chrome aniemia in the absence of valvular disease 
Numerous references to this are found in~2ate 
nineteenth century continental textbooks and articles 
on pernicious amcmia, and Cabot (1896) recorded 
9 such murmurs m His senes of 857 cases of this 
disease Gunewardene (1933), dealing with hook- 
worm amentia, desenbes 4 cases in whom a confident 
diagnosis of mitral stenosis was disproved either by 
autopsy or by the disappearance of the murmur on 
treatment, and Klinefelter (1942) obtained graphic 
records of apical presystolic murmurs in paUents 
with sickle-cell anaemia 

Three cases presenting this physical sign are 
desenbed, and the apparently arbitrary appearance 
and fugitive nature of the murmurs are shown by 
means of charts This murmur has several features 


S Pearson 

in common with the transient diastolic murmur that 
can occur m cases of rheumatic fever (Carey 
Coombs, 1924) and in discussing its possible cause 
certain explanations that have been put forward for 
the latter are admissible here for consideration 

With tbesb inclusions, the following factors have 
been held responsible by va nous authors 

1 Decreased viscosity of blood (Sahli, 1895, 
Garb, 1944) 

2 Increased speed of blood flow (White and 
Wood, 1923) with rapid filling of atonic left ven- 
tricle (Bland, Jones, and White, 1935) 

3 "Relative mitral stenosis” (White, 1937), or 
combination of these (Luisada, 1948) 

4 Pressure of dilated pulmonary artery on mitral 
orifice (Kerr, 1936) 

5 Pressure of dilated nght and left ventricles on 
mitral orifice (Weinstein and Lev, 1942) 
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It is felt that the facts observed in these three cases 
cannot be satisfactorily explained in any of the above 
ways, although the first factor may play a part 
The suggestion is made that the apical diastolic 
murmur m severe anremia is caused by incomplete 
opening of the mitral \alve, associated, in the way 
to be described, with loss of passive tone in the 
papillary muscles 

The stream of blood, entering the ventricle 
axially, recoils radially and upward towards the 
base of the heart, thus tending to press the mitral 
cusps together Closure is prevented chiefly by the 
lateral pressure of the entering stream but also by 


the passive tension of the papillary muscles on the 
chorda: tendmcc Only minor pressures arc involved 
and failure of the papillary muscles to exert their 
normal light “ spring-loading ” action on the valve 
allows the cusps to lie so sharply curved towards one 
another that a murmur is produced m the narrowed 
commissure Fatty change, when present, is com- 
monly maximal m the papillary muscles, and may 
lead to stretching 

This paradoxical movement and its control by 
the papillary muscles can be demonstrated m the 
cadaveric heart by a simple experiment 


References 


Bland, E F, Jones, T D , and White, P D (1935) 
Amer Heart J , 10, 995 

Cabot, R. C (1896) Pernicious Antrmia, Boston hied 
and Surg J 

Coombs, C (1924) Rheumatic Heart Disease, London 
Garb, S (1944) Amer Heart J , 28, 568 
Gunewardene, H O (1933) J trop Med H\-g , 
- 36, 90 

Kerr, W J (1936) J Amer med Ass, 107, 573 


Klinefelter, H F (1942) Amer J med Sci , 203, 34 
Luisada, A A (1948) Heart, Philadelphia Pp 365 
and 384 

Sahli, H (1895) Con Bhi Schnettz Aertz ,25, 33 
Wcmstcin, W, and Lev, M (1942) Amer Heart J, 
23, 809 

White, P D (1937) Heart Disease, New York - P 538 
Wood, J E , and White, P D (1923) Medical din 
North America, 7, 729 


The Graphic Registration of Basal Diastolic Murmurs* 


By Bertrand G Wells 


( Introduced by Geoffrey Bourne) 


The vibrations of the diastolic murmur of aorl 
regurgitation are of high Frequency and very 1c 
energy value Other cardiac events, however, cau 
at the same location vibrations of lower frequeni 
and many thousands times the energy If tl 
phonocardiogram were to register deflections . 
amplitude directly proportional to the energy , 
these vibrations the tracing would have to 1 
hundreds of metres wide m order to show tl 
diastolic murmur as deflections of 1 mm m widt 
tl the amplitude of the low frequency waves 
attenuated logarithmically With regard to the 
frequency, we are enabled to show the 1 mr 
diastolic vibrations clearly while the low frequenc 
wavrs are all reduced m amplitude by this proca 
of filtration, so that they can be confined to paper 
few centimetres wide Workers m phonocardu 
graphy have almost always used unsuitable appan 

Si’sSonr^w 1 ^ 11 aWe t0 reg,ster 11115 ™mn 

SSS? Z 6 W 115611 a Sanborn phone 
cardiogram with stethoscop.c and logarithm! 


registration, and interchangeable chest pieces, and 
have, withjdue attention to technique, been able to 
register every murmur audible clinically 
An analysis of 50 consecutive cases with audible 
murmurs of aortic or pulmonary regurgitation 
showed much variation in pattern The frequency 
of the vibrations vanes from moderately low to 
moderately high The murmur usually persists 
throughout most of diastole The configuration is 
that there is usually an early crescendo phase before 
the longer decrescendo phase This phenomenon 
is sometimes audible, but much more frequently 
registered, and failure to hear the early crescendo 
phase may be explained by study of the character- 
istics of the human hearing mechanism Examples 
of all types of basal diastolic murmur are shown, 
excluding the continuous murmurs of patent ductus, 
A-V aneurysm, and venous hum Occasional 
tracings are found where diastolic vibrations are 
registered when no murmur is audible The 
significance of these vibrations is obscure, but their 
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evaluation is helped by a comparison of their 
pattern with that of the audible diastolic murmur 
Finally, since there is often difference of opinion 
among cardiologists as to whether a diastolic 
murmur is present or not, we consider that phono- 


cardiography with proper technique may be of value 
m settling questions of this kind 

* This study was made while on a Cabot Fellowship 
and with the assistance of Mr Maurice Rappaporl, and 
Dr Howard Sprague of Boston, Mass , U S A 


Simple Calibrated Phonocardiography 
By G J Aitken ( introduced ) ^ 


Knowledge of the frequency response of a phono- 
cardiograph is necessary before records can be 
adequately interpreted Even then, comparison 
with records of other instruments is difficult Lack 
of this knowledge resulted in disagreement among 
earlier investigators With instruments introducing 
attenuation of low frequency vibrations, heart 
sounds appear shorter, and the third sound and 
possibly important low frequency components of 
murmurs are recorded less frequently than with 
instruments that register low frequency vibrations 
well The higher frequency murmurs, however, 
are more easily recorded and their moment of onset 
defined with just suoh attenuation of confusing 
high intensity low frequency cardiac vibrations 
A simple calibrated phonocardiograph is de- 
scribed Basically it is a stethoscopic phono- 
cardiograph with electrical filters enabling records 
to be obtained of vibrations in a “ low frequency 
band ” of 20 to 200 cycles a second, and in a “ high 
frequency band’' of 140 cycles a second upwards 


It offers a fairly satisfactory solution to many 
difficulties m interpretation of single recordings 
The precise frequency characteristics of the basic 
phonocardiograph are less important Whatever 
the likely degree of attenuation of the low frequency 
components of the cardiac vibrations in the unfiltered 
phonocardiogram, they are easily recorded at suit 
able amplitude in the low frequency band, in the 
absence of all high frequency' vibrations 

In the band embracing frequencies greater than 
140 cycles a second the predominantly higher 
frequency of most systolic and diastolic murmurs 
'allow them to be recorded uninfluenced by the high 
intensity low frequency heart sounds The first 
heart sound is represented by sharply defined over 
tones of its second and third components, more 
suitable points from which to time auricular or 
ventricular systolic murmurs than any so far 
described 

Examples illustrating the value of simple calibrated 
phonocardiography are given 


A Case of Polyarteritis Nodosa showing Multiple Coronary Aneurysms 

By John R H Towers 


The case described is one of polyarteritis nodosa 
For years the presence of palpable nodules was 
regarded as an essential diagnostic criterion in this 
condition, but recently it has been recognized that 
palpable lesions of this type are the exception rather 
than the rule In this case the diagnosis was not so 
difficult but th£ clinical and autopsy findings were 
so striking as to be of interest 
The patient, a motor mechanic of 39, had no 
important illness until 1943, when serving in the 
6th Airborne Division, he developed a duodenal 
ulcer, which gave rise to mtercurrent dyspepsia and 
finally to his discharge in 1945 He had intermittent 
dyspepsia over the last two years, but remained at 
his work until May, 1948, when he suddenly de- 
veloped pains m both legs and difficulty in walking, 
and he had to go to bed Symptoms were first 
noticed whilst getting into a motor car These pains 


were present from the knees to the feet A few days 
later the pain became generalized, his hands and 
feet and testicles became slightly swollen and 
painful There was in addition, swelling of the 
left breast which was very tender 
A fortnight after the onset he was free from pain 
and feeling better A week later, however, he 
noticed his stools were black and he developed 
epigastric pam with some vomiting This pain was 
worse before meals and relieved by food, but liable 
to occur at any time of the day or night and to last 
for several hours, at timei it was very severe 
At this stage, i c three weeks after the onset, he 
had an attack of diplopia lasting half an hour, 
there was no previous attack and none since After 
this there was a return of generalized aches and pains , 
m the limbs and back, his appetite diminished and 
he lost much weight His skin, normally rather \ 
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deeply pigmented, became darker m colour and he 
developed a sallow complexion His sleep was 
disturbed by pam Bowels a little constipated, 
micturition normal These symptoms continued 
unaltered until his admission to the Leeds Infirmary 
in July, approximately ten weeks from the onset 
Examination on admission He was cachetic with 
pigmentation of the skin, rather suggestive of 
Addison’s disease He had obviously lost much 
t weight He was pyrexial up to 101° for four days 
and thereafter there was no rise of temperature 
His pulse rate averaged 100 until a day or two before 
his death He had what were taken to be shotty 
glands m the neck, axilla:, and groins, and the spleen 
was just palpable The blood pressure was 130/100 
The urine contained a trace of albumen, but no red 
cells The heart was not enlarged 

The blood count showed an anaimia without 
eosinophilia — Hb 71 per cent, red blood cells, 
3,700,000, white cells, 9,600, basophils 5 per cent, 
polymorphs, 74 per cent, eosinophils, 2 per cent, 
lymphocytes, 20 per cent 
The X-ray of stomach and duodenum showed 
an appearance consistent with duodenal ulceration 
The' stools were negative for occult blood The 
Wassermann reaction was negative 

Extensive investigation was earned out with no 
helpful finding, but shortly we discovered that the 
so-called glands extended down the arms, along the 
line of the vessels and'also to a lesser extent, down 
the inner aspect of the thighs, and a hard, shotty 
mass, the size of a pea was felt through the anterior 
rectal wall Biopsy of one of the masses from the 
arm showed it to be a thrombosed aneurysm arising 
from a small muscular vessel, the wall of which 
showed extensive mucoid degeneration The diag- 
nosis of penartenUs nodosa was then made The 
patient went gradually downhill, became emaciated, 
and died in September, 1948 
Autopsy This was performed by Dr Carmichael 
snd showed a striking picture A very large number 
of aneurysms ranging m size from 1 cm to 2 cm 
were seen in association with most of the principal 
arteries in the body, with the exception of those m 
the lungs and brain The lesions have all relatively 
thick fibrous walls and are filled with dense thrombus, 
mostly of dark red colour but there are also masses 
of pale greyish-white clot or laminated grey and red 
clot clinging to the walls of many of the sacs Few 
of the aneurysms are attached to vessels large 
enough to be opened up with scissors, i e they 
apparently spnng rather from relaUvely small 
unnamed branches than from the larger trunks 
Impressive examples were as follows a number of 
aneurysms adhering to the outer surface of the 
thoracic aorta and related to the intercostal arteries. 


a small vessel on the surface of the diaphragm at the 
attachment to the pericardium, where six close- 
set aneurysms, each 3 mm in diameter were concen- 
trated in 3 cm of the vessel’s length, a ‘beading” of 
'the anterior aspect of the bony spine by aneurysms, - 
and numerous aneurysms along the length of the 
spermatic arteries 

There are many large aneurysms on the right 
and left gastric arteries to the gastroepiploic 
artery The mesentary also shows dozens of 
aneurysms of a size varying from 2 to 3 mm to 
nodules almost L cm in diameter The aneurysms 
related to the stomach measure 1 5 cm and more 
The pelvic mesocolon shows only a very few small 
aneurysms and the position is similar with most of 
the arteries supplying various parts of the colon 
.Right, relatively large branch of hepatic artery bears 
a large aneurysm, 1 cm in diameter, which is on the 
mam stem, but there are several other similar sized 
aneurysms in this neighbourhood There are 
several aneurysms of 2 cm diameter and smaller 
within the head and body of the pancreas and at least 
two of these have ruptured, but the effused blood 
does not extend far into the adjacent tissue „ There 
are few aneurysms in the vicinity of the abdominal 
aorta The aneurysms are present on the branches 
of the splenic aorta in the hilum and substance of the 
spleen, and of branches of the renal aorta within the 
venal substance, also in considerable number of 
small size in the very large portal tracts No 
aneurysms on main splenic and renal arteries 

The spleen contains an aneurysm fully 1 cm in 
diameter and one or two smaller nodules and an 
--infarct at one pole The kidneys contain numerous 
thick-walled aneurysms approximately 3 to 6 mm 
m diameter and located chiefly m the region of the -- 
boundary zone or farther m towards the hilus 
There is also much recent infarction, and much 
irregular coarse pitting on the outer surface, prob- 
ably due to scarring from an old infarction The 
renal tissue otherwise is mottled, mostly showing a 
dusky congestion, other parts are pale Large 
tracts of tissue are partfally fibrosed 

The stomach was normal apart from well-marked 
engorgement at the crest of the mucosal folds m 
places and some hypertrophy of the pylorus and 
large area of scarring centred over the pylorus and 
lesser curvature, and spreading into the stomach and 
duodenum 

The brain and lungs, however, were normal, 
showing no gross change m their substance or 
'"Vessels 

There are numerous aneurysms connected with the 
coronary branches, particularly the arteries supply- 
ing the line of the interventricular sulcus, and the 
anterior and lateral surface of the right ventricle 
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At least 30 to 40 aneurysms of varying sizes 
arc present, varying from a few mm to 2 5 
cm in diameter There is a thmjayer of fibrinous 
exudate scattered over the whole epicardia? sur- 


face The chambers of the heart are all slightly 
dilated, but the myocardium has a healthy 
appearance and texture and shows no evidence of 
infarction 


Electrocardiographic Studies in Cretinism 
B y Bernard Schlesinger and Bernhard Landtman ( introduced) 
To be published in full, Brit Heart J , July or October 1949 


A Case of Pheochromocytoma with Sustained Hypertension 
By Leslie Cole 1 


This case is described to emphasize the fact that 
tumours of the adrenal medulla may cause sus- 
tained hypertension m the early stages, without 
giving rise to paroxysmal symptoms, or paroxysmal 
hypertension, to show the clinical picture in the 
early stages, and to comment on the use of certain 
' diagnostic aids 

The patient was a fanner’s wife aged 35, with 
three children, and she developed sudden headache 
three weeks after a severe antepartum haemorrhage 
This persisted daily almost without remission until 
her death thirteen months later It was marked in 
the early morning, grew worse month by month and 
latterly was associated with early morning nausea, 
vomiting, profuse sweating, cold hands and feet, 
shahiness, nervousness of an unusual sort and 
“peculiar sensations”, and during the last three 
- weeks, muscular weakness and exhaustion The 
blood pressure was first found to be raised seven 
months after the onset (180/130) and remained 
steadily at this level until just before death Re- 
peated clinical examination was otherwise negative 
and thorough investigation failed to show any cause 
A single paroxysm of hypertension seven days before 
death (2 60/150) revealed the probable diagnosis, 
but came too late to save her life It was followed 
by a severe attack of nght-sided abdominal pam 
and paralytic Ileus which necessitated laparotomy 


and cscostomy At operation, a tumour was found 
at the site of the left suprarenal gland which sub 
sequently proved to be a typical pheochromocytoma 
This was removed a week later but the patient 
succumbed Autopsy showed that the nght-sided 
pam was due to a Jarge infarct of the right kidney 
Diagnosis is difficult and involves recognition 
of the syndrome produced by hypersecretion of 
adrenalin and localization of the tumour or tumours 
For the first, it is essential to realize that sustained 
hypertension is indistinguishable from the essential 
or malignant type and without paroxysms may be 
present in the early stages, and also to appreciate 
the significance of the symptoms illustrated by this 
case In this and many others recorded there are 
unique clinical grounds for suspecting the diagnosis 
once the clinician is aware of the syndrome Gol- 
denberg’s benzodioxane test then appears to be of 
great value in confirming it r but this patient died 
before his paper bad-been published To localize 
the tumour, an intravenous or retrograde pyelogram 
may be sufficient, but perirenal insufflation may be 
necessary, or even exploration Here, although the 
symptoms and signs pointed to a right-sided lesion, 
the tumour was on the left Early diagnosis and 
accurate localization are extremely important 
because successful removal may be expected to- give 
complete cure 


The Q-T Interval in Acute Rheumatic Carditis 
By D G Abrahams 
(Introduced by Paul Wood) 

To be published in full, Brit Heart J, July or October 1949 



MULTIPLE UNIPOLAR LEADS 

REPORT OF THE COMMITTEE OF THE BRITISH CARDIAC SOCIETY 


The British Cardiac Society at its recent meeting 
approved the publication of the following report as 
an expression of present views of the majority of its 
members 

The Council had ashed the committee, consisting 
of Terence East, I G W HiU, Curtis Bain, and 
Paul Wood to draw up such a report that might help 
those who wished to have information about present 
practice Obviously, they have no wish to limit 
in any way investigations into new and important 
methods but feel that where routine work, rather 
than research, is concerned, there arc advantages m 


some degree of uniformity in leads presented, and 
in the way they are mounted 
It is, perhaps, too soon to reach any final recom- 
mendation in this last direction and various sugges- 
tions made at the meeting were considered (see 
Proceedings, p 92) The Editor would be grateful 
if those submitting papers would generally try to 
use one or other of these methods, and a figure 
that is 4$-5£ inches wide is generally easier to print 
and better looking than one that is tall and narrow 

Editor 


Report of Committee 


Although multiple leads from a series of points - 
across the praecordium arc m general use in this 
country, there is so far only one position for the 
pnecordial electrode defined as standard Single 
praecordial lead used as routine may afford scanty 
or even misleading information, and multiple leads 
are essential 

Bipolar chest leads It is suggested that the use 
of the bipolar chest leads CR and CF be discon- 
tinued The distal electrode m the case of CR 
introduces a positive error, and in the case of CF 
an error that may be positive or negative, depending 
- on the position of the heart i 

Unipolar Chest Leads 

Unipolar V leads avoid this error- The switch 
is set for lead 1 The exploring or praecordial 
electrode is attached to the left arm wire of the 
cardiograph It is then paired with a central 
terminal (right arm wire of the cardiograph) con- - 
nected to the right arm, left, arm, and left leg. The 
potential of the central terminal will practically be 
zero, by Einthoven’s formula, as shown by experi- 
ment The original method of Wilson connects 
each of the limbs to the central terminal through 
equal resistances of at least 5000 ohms The 
method of Goldberger omits the resistance 
The Burger suction electrode (2 cm in diameter) 
is convenient for the exploring praecordial electrode 


Positions The position of the praecordial elec- 
trode is indicated by a numeral used according to 
the following plan VI shall be used for the nght 
margin of the sternum, in the fourth intercostal 
space V2 for the left margin of the sternum at the 
same level V4 for the mid-clavicular line in the fifth 
intercostal space V3 for a point midway between 
2 and 4 V5 for the left anterior axillary line V6 for 
the mid-axillary line, positions 5 and 6 are on the 
same level as 4 V7 is the posterior axillary fine, and 
V8 below the apex of the scapula at the same level 
VE is used for an epigastric lead below the 
xiphistemum 

RUA stands for a position on the nght costal 
margin just to the nght of the midline 
The corresponding V positions to the nght are 
shown by the letter R, e g V3R 
Standardization As the voltages of V leads are 
often high it may be convenient to use half standardi- 
zation (1 mV = 5 mm ) in order to confine the 
deflections to a convenient size If this reduced 
sensitivity is used it should be employed uniformly 
in ail chest leads, and indicated N/2 

Unipolar Limb Leads 

The augmented unipolar limb leads of Goldberger 
are obtained by putting the exploring electrode, 
attached fo the left arm wire of the cardiograph, the 
switch being set for lead 1, on the appropriate limb 
103 
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The other two limbs are connected to the central 
terminal, which is attached to the nght arm wire of 
the cardiograph The deflections are 50 per cent 
larger than those obtained by the Wilson method 
The Goldberger technique is satisfactory The 
tracings are labelled a VR, a VL, a VF 
In order to correlate standard limb leads and 
unipolar limb leads, it is helpful to recall that lead 
1 is VL-VR, lead 2 is VF-VR, lead 3 is VF-VL, 
and that by the Goldberger technique a VL is 
4(1-111), a VR is -4(1+11) and VF is 4(11+113) 

Selection of Leads 

The full electrical exploration of the heart involves 
the taking of at least twelve leads, and -sometimes 
more The twelve basic leads are (1) the three 
standard limb leads, (2) the three unipolar limb 
leads, and (3) the six unipolar pnecordial V leads 
Until familiarity with the appearances of the 
deflections in the various leads m different conditions 
is obtained, these twelve should be recorded as 
a routine 

In practice the taking of twelve leads is laborious 
and time-consuming, and involves the use of many 
films It is possible to limit the leads recorded to a 
selected few when a particular lesion is suspected 
"Films may be economized also by exposing half a 
stnp at a time when the Cambridge instrument is 
used, and so obtaining six tracings on one film 
The following suggestions may help m selecting 
leads likely to be most useful m the diagnosis of 
various lesions For the preliminary routine 
approach it may be enough to select" VI oc-V2 
and V4 and V5 or V5 and VC depending on the size 
of the heart, and VL and VF These may suggest 
wh5t further records are needed for full electrical 
exploration The clinical findings may suggest , 

special leads c 

It is important to record potentials from the 
surface of the left ventricle, this may necessitate the 
use of leads V6 or V7 when the interventricular 
septum is displaced to the left, or when there is 
clockwise rotation of the heart about its longi- 
tudinal axis (viewed from below) 


Unipolar limb leads are particularly useful in 
showing the position of the heart, the combination 
of VL and VF is best for this 
- VF shows auricular activity well, and so is useful 
for auricular arrhythmias, it is also useful for 
posterior infarcts 
VL shows lateral infarcts 
VR is of less value and may generally be omitted 
Right ventricular leads VI and V2 
These show best 

1 Some infarcts of the myocardium 

2 Right bundle branch block 

3 Right ventricular hypertrophy 

4 Massive pulmonary embolism 

5 Auricular arrhythmias (VI particularly) 

Left ventricular leads V4-6 
These show best v 

1 Some infarcts of the myocardium 

2 Left ventricular hypertrophy 

- 3 Left bundle branch block - 

Myocardial ischcemia VI V2 V3 V4 V5 V6 
VL VF 


Infarction can usually be detected and defined by 
V2-V6 and VL and VF For high antero-lateral 
infarction records may be taken m the third and 
fourth interspaces vertically above V4, V5, and V6 
VF is useful for distinguishing posterior infarction 
from other Q III patterns, particularly those due to 
transverse position of the heart, or to massive 
pulmonary embolism 1 


Bundle Branch Block Right VI V2 
Left V5 V6 V7, according to the degree of 
mlargement to the left 

ifnmvr Pulmnnnrv Embolism VI V3 V5 VF 


Pericarditis VI V3 V5 

Auricular Arrhythmias VlandVF 
Mounting of records The V pnecordial leads 
are most convemendy shown, horizontally m 
numerical order, with VI as the first record 

Terence East I GW Hill. 

Curtis Bain Paul Wood 
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Maternal Congenital Heart Disease as an Obstetric 
Problem C. J Lund Amer J Obsiet G\ ncc , 
55, 244-261, Feb , 1948 

Details are given of a study of 25 cases of pregnancy 
complicated by congenital heart disease, 29 infants in 
all being delivered There were 13 with a patent ductus 
arteriosus, 8 with interventricular defect, 4 with mter- 
anncular communications 1 with pulmonary stenosis, 
and 4 of undetermined type Toxierrua was a common 
and severe complication Premature delivery took 
place m over 25% Labour tended to be shorter than 
the average, and forceps delivery was resorted to m over 
- one-third of the cases although half of the patients were 
multipara: All patients were classified according to the 
functional groups of the New York Heart AssociaUon, 
before pregnancy, during the first 3 months and the last 
3 months, during labour, and later in the puerperium 
The blood pressure, vital capacity, venous pressure, and 
circulation times were investigated in many of the 
patients It was found that decrease of vital capacity 
was most valuable in prognosis A sudden fall in blood 
pressure was noticed repeatedly soon after confinement 
and gave rise to considerable anxiety, the mechanism of 
this is discussed A patent ductus arteriosus was found 
to be the most senous of the congenital cardiac complica- 
tions All but 1 of the cases of cardiac failure were 
associated with this lesion, as was also the only fatality 

BrairfswaUe Rickford 


The Occurrence of Paroxysmal Cardiac Arrhythmia 
Following Air Embolism C Gobin Arch Mai Caur, 
40, 482-484, Nov -Dec , 1947 

A student was entrusted with the operation of transfusing 
a donor s blood directly into the veins of a patient with 
sepucaemia He thrust the recipient s needle into the 
veins of the donor though fortunately failed to enter the 
veins of the septicemic patient with the other needle 
The subsequent attempts to carry out the transfusion 
caused the injection of about 200 ml of air into the veins 
of the donor but no blood. The donor, whose arm-veins 
became inflated was alarmed and eventually brought the 
operation to an abrupt end by pullmg out the needle and 
releasing the tourniquet His veins deflated but he was 
seized with a tickling sensation m the throat, with cough 
and violent dyspnoea He lost consciousness for 4 to 5 
minutes and did not recover his health for some days 
For 5 months after this accident he was subject to attacks 
of paroxysmal tachycardia or palpitation lasting from a 
few seconds to a few minutes The radiograph of his 
chest revealed a slight left ventricular hypertrophy 
Eventually he had an attack of arrhythmia lasting for days 
and an electrocardiogram showed auricular fibrillation 


He had no subsequent attacks and later acted again as 
a blood donor 

The author considers this to be an instance of an 
autonomic excitation initialed by the presence of air in 
the pulmonary vessels H E Hollmg , 

Effect of Intravenous Cytochrome C on Capadtv for 
Effort Without Pain in Angina 'of Effort H Bakst 
and S H RinzlER Proc Soc exp Biol , N Y , 67 
531-533, April, 1948 

Cytochrome C enhances the uptake of oxygen b> the 
tissues When injected intravenously it is capable of 
restoring to normal an electrocardiogram in which 
changes have been produced by inhalation of a 10% 
oxygen mixture The authors have shown that cyto- 
chrome C in 50-mg. doses given intravenously to patients 
suffering from angina of effort is unable to increase their 
capacity for effort without pain A I Suchett-Ka\e 

Treatment of Hypertensive Vascular Disease with Rice 
Diet W Kempner Amer J Med , 4, 545-577 
Apnl, 1948 

For the past 4 years the author has advocated a rice- 
firuit-sugar diet in hypertensive vascular disease and all 
forms of nephritis This diet contains in 2000 calorics, 
not more than 5 g. of fat, 20 g of protein, 200 mg. of 
chloride, and 150 mg of sodium. All fruits and fruit 
juices are allowed, sugar and dextrose are unrestricted, 
and supplementary vitamins are given The effects of 
this diet on the blood and urine chemistry, blood pressure, v 
heart size and electrocardiogram, oedema, and retinal 
artenopathies in several hundred patients are recorded 
and illustrated by typical examples [It is extremely 
doubtful if the inferences which the author draws from his 
data would stand up to strict statistical scrutiny ] 

Henry Cohen ' 


Coexisting Auricular Fibrillation and Complete Heart 
Block, E A HauNz and H L Smith Amer J 
Med, A, 237-242, Feb , 1948 

A senes of 10 cases of auncular fibrillation and complete 
heart block, all in patients with advanced cardiovascular 
disease, were studied The authors two mam points are' 
that (1) the presence of this combination, in the absence 
of a digitalis effect, implies a senous prognosis, (2) it is 
important to distin guish heart block due to intrinsic 
cardiac disease from that due to digitalis In cases in 
which symptoms of digitalis intoxication are slight or 
absent the distinction can be made by observing serial 
electrocardiograms JL T Grant 
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Correlation Between the Effect of Qumidine Sulfate on the 
Heart and Its Concentration In the Blood Plasma R ' 
WfGRiA and M N Boyle. Amer J Med , 4 , 373-382 
March 1948 - 

It was found that after administration of a single oral 
dose of qumidine to patients with auricular fibrillation 
(he effect on the circus rate of the auricle was roughly 
parallel to the quinidme concentration in plasma but no 
strict quantitative relation existed Foresample 2 hours 
after oral administration of 0 8 g. of qumidine sulphate 
the circus rate fell from 402 to 285 a minute and the 
plasma concentration of qumidine was 2 6 mg per litre, 
whereas 10 hours after the administration of qumidine 
the circus rate was practically the same, 292 a minute, 
but the plasma concentration was only 1 3 mg per litre 
From a further senes of expenments on dogs it is con 
eluded that such quantitative discrepancies are due to the 
fact that the effect on the heart is not proportional to the 
concentration of drug in either the plasma or the myo- 
cardium Indeed, an excessive increase in the con- 
centration in heart tissue leads to a decrease in cardiac 
effect T Semple 


Electrocardiographic Patterns of Ventricular Aneurysm 
E Go ldberger and S P Schwartz Amer J Med, 
4, 243-247, Feb , 1948 


distributed amongst most of the organs of the bod? 
Carcinoma of the breast was the commonest pnmarv 
tumour (14 cases), secondary growth usually involved 
the pericardium, alone or together with the heart muscle 
and was sometimes first manifested many years after 
radical extirpation of the primary tumour, periods of 
5 and 16 years being recorded 
Tbe pericardium was sometimes normal save for an 
isolated secondary tumour, but otherwise pericardial 
effusion fibrous obliteration, or obliteration by massive 
deposits of tumour were found Hydrothorax and 
ascites resulted from cardiac failure The symptoms 
sometimes resembled those of subacute bacterial endo- 
carditis Dyspnoea, tachycardia, and cardiac lrregulan 
ties such as auricular fibrillation or flutter were frequent 
outstanding signs Some symptoms were attributable 
to tbe location of the tumour, causing heart-block, or to 
pericardial or pleural effusion but were not patho- 
gnomonic and further investigations were required to 
establish the diagnosis, including paracentesis for pen 
cardial effusion and cytologies] examination of the fluid 
for tumour cells, radiological examination of the heart 
including tomography, and electrocardiography, the 
value of this last proceeding is emphasized When the 
primary tumour is known to be radiosensitive, high 
voltage T-irradiation may be useful in the diagnosis and 
treatment of cardiac secondary growths L Foutds 


In a senes of 40 cases of myocardial infarction with and 
without ventricular aneurysm, all the cases with aneurysm 
were associated with an upward QRS complex m the 
nght arm lead of the electrocardiogram This suggests 
that absence of this feature m a case of myocardial 
infarction indicates absence of aneurysm J? T Grant 


The Arterioles of the Skm in Essential Hypertension. 
E M Farber, E A Hines, H A Montgomery, and 
W McK Craig J imest Derm , 9, 285-298, Dec., 
1947 

The authors review earlier studies on the arterioles of 
patients with hypertension, and present a comparable 
study of the artenoles of the skm The wall to lumen 
ratio is lower in the hypertensive group, with a mean of 
1 57 (70 cases), against 2 14 in the 52 control cases, 
there is, however, considerable overlapping Montz and 
Oldt (Amer J Path , 1937, 13, 679) have already shown 
that the thickening of the wall and narrowing of the 
lumen which commonly indicate a state of hypertension 
may be completely absent in cases with hypertension 
of long-standing Conversely they find (m agreement 
again with Montz and Oldt) that artenolosclerosis may 
exist in the absence of hypertension and without any 
obvious correlation with age A C Lendrum 


Secondary Malignant Disease of the Heart R. W 
Raven Brit J Cancer, 2, 1-7, March, 1948 

Hus paper analyses 51 cases of secondary tnmoura in 
the heart or pericardium from the necropsy records of the 
Royal Cancer Hospital The primary tumours were 


“ Functional ” Subclavian Arterial Murmur Possible 
Relation to Scalenus Anficus Syndrome, Costoclavicular 
Compression, or the Neurovascular Syndrome of 
Wright. R B Pomeraniz Ann Surg , 127, 688— 
695, April, 1948 

In a routine examination of 2619 candidates in Texas the 
author discovered 20 females and 1 male in whom there 
was a systolic murmur over the subclavian artery (or 
artends) The first 1 1 cases were dismissed as cases of 
functional murmurs, but the other 10 received more 
detailed examination The murmur predominated on the 
left, appearing on that side alone 1 1 times, it appeared on 
the nght side alone once, bilaterally 5 times, and in 
4 cases the side was not noted General medical 
examination and radiographs of the chest were negative, 
except m 1 case where there was inactive apical tuberev 
losis on the oppositeside to the murmur Tbe murmur is 
constant, fairly loud and definite, and accentuated by deep 

inspiration or gradual abduction of the arm The greater 

the abduction the louder the murmur up to 135 to 150 
degrees, when it disappeared because the blood flow to 
the arm had ceased No case was observed which was 
thought to be a scalenus syndrome and m only 1 was 
the murmur thought to derive from costo-clawcular 
compression The presence of the murmur when the 
subject is in a relaxed sitting posiUon suggests some as 
yet undefined mechanism by which the artery is obstructed 
even before abducuon begins The preponderance 
on the left side would indicate an anatomical variation, 
but m the absence of symptoms surgical exploration was 
not thought to be justified and the question of causation 
is unsettled H T Simmons 
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Elementary Atlas of Cardiography H Wallace-Jones, 
E Noble Chamberlain, and E L Rubin John 
Wnght and Sons, Ltd , Bristol, 12/6 
This little book does not pretend to be anything more 
than its title implies A short descriptive text introduces 
each senes of cardiograms, which are beautifully repro- 
duced and clearly annotated However, no attempt is 
made to outline the elementary physics of electrocardio- 
graphy, and a descnption of unipolar leads is entirely 
omitted A bnef essav on cardiac radiology precedes a 
well selected and representative collection of excellent 
radiograms, which includes all the more common cardiac 
conditions The reproduction of these plates is of the 
highest quality, and indeed the whole volume reflects 
great praise on the publishers The omission of an index 
is regretted J L Lo\ibond 

Seasonal Variations In Heart and Coronary Disease as 
Related to Various Environmental Factors H R 
Brown and R. Pearson Artier Heart J , 35, 763- 
768, May, 1948 

A study of the vital statistics for the city of New York 
from 1934 to 1944 reveals that the death rate from heart 
disease, particularly coronary disease, is inversely related 
to the rise of monthly temperature, and not related to the 
relative humidity of the atmosphere H E Hailing 

Experiences with a New Synthetic Analgesic, Amidone . 
Its Action on Ischemic Pains of Occlusive Arterial 
Diseases R J Popkin Amer Heart J , 35, 793- 
799, May, 1948 

‘ Amidone ” (methadon, “ physeptone ”) (6-dimethyl 
atmno-4, 4-diphenyl 3 heptanone hydrochloride), which 
resembles morphine in its action, was given to a number 
of patients with peripheral vascular disease who suffered 
from pam at rest. The dose was 5 to 15 mg by mouth 
The drug relieved the pain at rest but was ineffective in 
intermittent claudication One of the 18 patients 
developed a haemorrhagic urticaria and ambulant 
patients suffered from light-headedness, nausea, and 
vomiting H E Holling 

Effect of Sympathectomy on Blood Flow in the Human 
Iamb I D Stein, K. Harpuder, and J Byer Amer 
J Physiol, 152, 499-504, March, 1948 
A comparison was made by the use of plethysmographic 
methods of recording, of the blood flow in the foot 
(predominantly skin) and calf (predominantly muscle) 
in human patients, before and after sympathectomy of 
the lower limbs for 'peripheral vascular disease The 
results show that, whereas the blood flow through skin 
was increased by sympathectomy, that through .muscle 
was relatively unchanged Exercise, local heating, and 
arterial occlusion and release were effective s tim uli m 
increasing blood flow through sympathectormzed 
muscles, suggesting that vasodilators of metabolic origin, 
and not the innervation, are important factors m the 
blood supply of muscles The results indicate that 
sympathectomy is of value clinically for increasing the 
blood flow through skin, but not through muscle 

R A Gregory 


Measurement of the Total Transverse Diameter of the 
Heart by Direct Percussion \V D Stroud, M W 
Stroud, and D S Marsh all. Amer Heart J 35 
780-786, May, 1948 

In 333 examinations of 305 patients the transverse dia- 
meter of the heart as measured by direct percussion 
was compared with that obtained from a tcleradiograph 
74% of the values obtained from percussion were within 
±J0% of the values obtained from radiography and 88^ 
were within ±15% of the radiographic values Fifty- 
five comparable examinations on 45 women gave similar 
results The clinical method of percussing the heart 
size appears therefore to be of value H E Holling 

Perforation of the Infarctcd Interventricular Septum 
Report of Two Cases, one Diagnosed Antemortem 
N O Fowler and R B Failey Amer J med Scl , 
215, 534-541, May, 1948 

Two cases of perforation of the infarcted interventricular 
septum are reported In one of them the diagnosis was 
made during life A review of reported cases revealed 
56 similar, in 15 of which the diagnosis was made 
during life The condition should be suspected in any 
patient who shortly after a myocardial infarction, sud- _ 
denly develops a systolic thrill and murmur in the third 
and fourth intercostal spaces just to the left of the 
sternum These patients tend to develop right ven- 
tricular failure In 38 cases the survival time was 
described, this being less than a month in 31 A further 
6 patients died within a year, and 1 patient lived 4 years . 
and 10 months Out of 45 patients examined 43 had a 
systolic murmur, which in 22 was associated with a thrill 
Rupture of a papillary muscle following infarction may 
be confused with this condition, but in the former the 
murmur tends to be heard best nearer to the apex, the 
patient s condition deteriorates rapidly, and the heart 
failure is left-sided rather than right-sided 

C Bruce Perry 

Blood Volume and Sympathectomy in Hypertension - 
W D Davis and H S Mayerson, Proc Soc exp 
Biol , N Y, 68, 1 17-120, May, 1948 

Blood volume changes were investigated in 20 patients 
with hypertension who had undergone sympathectomy 
There were 11 women and 9 men, their ages ranged 
from 22 to 50 years and the periods of follow up from 
3 to 18 months Plasma volume was measured photo- 
colonmetncally with the T 1824 dye, whole blood and 
red cell volumes were calculated from hematocrit readings 
(Wintrobe) No consistent post-operative changes m the 
blood volume were found, and no consistent deviation 
from “ normal ” values was observed pre-operatively 
It was noted that m 5 patients m whom the redccll volume 
"was low before operation the response to sympathcctomy- 
was poor, whereas m 5 patients in whom the red cell ' 
volume was normal, or above normal, the results were 
gooff In patients_with long-standing vascular disease 
there was a tendency to low blood volume 

A Schott 
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The Use of Vitamin E in Heart Disease S Bajer, W I 
Heine, and D B Gelfond Amer J med Sc l 215 
542-547, May, 3948 ’ ’ 

The effect of vitamin E orally m doses of 300 to 400 mg 
daily was observed in 22 patients with various forms of 
heart disease The authors conclude that, although their 
numbers are few, they cannot, from the evidence, recom- 
mend vitamin E in the treatment of congestive heart 
failure, angina pectoris, or hypertension 

C Bruce Perry 


Andccno sympathogemc Heart Disease (Neurohonnonal 
Factors in Pathogenesis and Treatment) W Raab 
Ann intern Med, 28, 1010-1039, May, 1948 


and negative in 2' The ST segment was elevated in 3 
cases when the electrode was in the ventricle The 
oesophageal leads, taken at auricular level, were found to 
have QRS complexes similar to those taken at mtra- 
auncular level Very similar complexes were also found 
with the unipolar VR lead Some anomalous changes 
k® ^ ue the impulse passing over the 
wall of the interventricular septum Paul B IVoollev 


Influence of Hypotension on Coronary Blood Row, 
Cardiac Work and Cardiac Efficiency J E EdKB>- 
hoef, X A Hafksnschwl, E L Foltz, and R. L 
Driver Amer J Physiol, 152, 545-553, March 


The author points out that mechanical overload is not 
necessarily the whole explanation of hypertensive heart 
disease Many of the features of hypertensive heart 
disease may be found without hypertension He calls 
attention to the possible pathogenic role of adrenaline 
and allied substances Adrenaline intensifies the oxygen 
consumption of the heart, and may induce a state of 
anoxia, identical with experimental anoxia in diseased 
human hearts and in animal hearts after severe exercise 
The author considers that anginal attacks are accom- 
panied by abnormal elevation of the adrenaline sympathm 
levels in the blood Hypertensive heart disease is not 
necessarily accompanied by any rise in adrenaline level 
in the blood, but abnormally high elevations of the levels 
of this and similar substances may follow physical 
exercise m patients with hypertension The electro- 
cardiographic features of hypertensive heart disease are 
similar to those which result from the injection of 
adrenaline, and it is emphasized that the abnormal 
electrocardiogram may revert to normal after sympath- 
ectomy, even if the patient remains hypertensive The 
author develops similar arguments to account for changes 
in the heart in uraimia, thyrotoxicosis, and beriberi 
These arguments are supported by a very extensive 
bibliography of 235 references J McMichael 


Endocardiac Potentials in Right Heart Hypertrophy 
Comparison with the Oesophageal Electrocardiogram 
P Schlesinger, A BuRUvMAQUi Enchimol, and M R 
Cotrim Arch Clin 6, 139-155, March, 1948 

Battro and Bidoggia have drawn attention to the 
similarity of the ventricular complex with the electrode 
in the right auncle and with the oesophageal lead in both 
healthy and diseased subjects This paper deals with 
5 cases of right-sided hypertrophy The electrode 
attached to a fine insulated wire, is introduced through 
the nght external jugular vein, “ sodium amytal being 
used as premedication There were no untoward effects, 
penicillin being given subsequently for 48 hours Stan 
dard, unipolar, and pnecordial leads, and leads with the 
electrode at different mtra-auncular and intra wntncular 
levels were taken The P wave is negative with the elec- 
trode at a high auricular level and gradually becomes 
positive as the electrode passes into ^ 

QRS complex at auricular level was positive in 3 cases 


In lightly anesthetized intact dogs, coronary blood flow 
was measured by the nitrous oxide method, coronary 
sinus blood being obtained by catheterization Cardiac 
output was estimated by the direct Fick method Hypo- 
tension was produced either by the subarachnoidal 
injection of procaine solution or the intravenous mjechon 
of tetrathylammomum chloride A decrease in cardiac 
output and cardiac work (cardiac output x aortic pres- 
sure) occurred Coronary blood flow decreased but 
the rate remained relatively high in relation to the 
decreased work Cardiac efficiency {work/oxygen con- 
sumption) was reduced but there was no evidence that 
the heart was less able to perform the work required of it 
that is, that the hypotension was harmful to the heart 

K A Gregon 
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The Course of Beriberi Heart Disease in American 
Prisoners-of war in Japan. R. J Aixeman and G H 
Stollerman Ann Intern Med , 28, 949-962 May, 
1948 

It is generally thought that heart disease due to benben 
is accompanied by nght heart enlargement and mani- 
festations of a rapid circulation, and that a response to 
aneunn (thiamin) therapy is diagnostic More recently, 
the diagnosis has been made when there is evidence of 
gross dietetic deficiency together with peripheral neuntus 
in the presence of an enlarged failing heart for which there 
is no other explanation Even failure to improve with 
aneunn does not exclude the diagnosis Should the 
heart respond well to the specific vitamin relapses may- 
still occur 

Two cases are described In the first, there was a 
gross nutritional inadequacy, with widespread irdema, 
cramps in the legs , and incoordination The patient 
improved on treatment with the ordinary cardiac 
remedies, with aneunn, but very quickly relapsed A 
further improvement occurred for a time, but in a third 
attack he died Apart from some degeneration of the 
myocardial fibres and infiltration with small round cells 
no other explanation oft he failure was found at necropsy 
In fhe second case the onset was similar, but the patient 
made a good recovery when given an adequate diet and 
large doses of vitamins orally and parenterally The 
symptoms cleared up at the end of 4 months 

J McMichael 
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Arteriovenous aneurysms in the lesser circulation 
produce a clear-cut clinical picture and illustrate 
again that we do not know how commonly con- 
ditions occur until they are first described The 
number reported since Rodes paper in 1938 
indicate that it is by no means rare and it is a 
condition that can be successfully treated It is 
striking, however, that although a congenital lesion, 
often with obvious evidence from early years, it has 
so far been diagnosed almost exclusively in adults 
The recent interest in cyanotic congenital heart 
disease, which has followed the possibility of opera- 
tive treatment, may well reveal further cases as it 
did in the examples here described Tt is to stress 
the importance of earlier recognition of a treatable 
condition that we are reporting two cases and 
reviewing the present knowledge of this disease 

The First Case 


desired and sought it, and he remained at home until 
September 1947, when hope or relief for his supposed 
congenital heart condition brought him to hospital 
In this eight >ears there was gradual deterioration of 
his condition A year before he was seen he had 
tried to cycle again and found he could barelv 
manage a mile, and by the time he was admitted he 
could only walk 100 to 400 yards on the let el 
CEdema of the ankles had been almost continuous 
for the last four years and there was cough without 
sputum In 1943 he was admitted to hospital with 
nose bleeding and this had continued at intervals 
particularly in hot weather For the last two years 
he had attacks about once a month, particularly 
after bending down, when he felt weak ‘ with a film 
over the left eye and sizzling m the ears ”, there was 
no giddiness or loss of consciousness and the attack 
lasted ten minutes Careful questioning could not 
elicit any story of haimoptysis He did not squat 
on his haunches when breathless or distressed 


D C , aged 27, was referred to Guy s in September On examination he was a spare well-built man, 
1947 as a case of cyanotic congenital heart disease 5 ft 7 in in height and 112 lb in weight He was 
to see if he was suitable for a Blalock-Taussig grossly cyanosed with a blotchy, pitted face as seen 
operation He was the youngest of five children in seborrhaeic subjects, there was very marked 
and there was no history of a similar condition m clubbing of fingers and toes (Fig 1 and 2) He w'as 
his family Cyanosis, which was gradually and breathless on slight exertion but there was no 
steadily progressive, was noticed at the age of 4, orthopnrea His neck veins were not distended, the 
and a year later a diagnosis of congenital heart liver was just palpable but not tender , the lung 
disease was made His school life was restricted bases did not sound wet, but there was slight pitting 
more by medical advice than by ill-health or dis- cedema of the ankles The pulse was regular The 
ability At 14 he left school and worked first as heart showed no clinical enlargement, which is not 
an errand boy using a bicycle, but after a year he against a diagnosis of Fallot’s tetralogy but with 
was forced to take less active employment His this in mind one was surprised to find an absence 
working life finished at the age of 19 when he was a of any murmur, pulsation in the second left mter- 
shop assistant work that he could do without costal space was the only finding of note The 
distress— and at this time he was still cycling five blood pressure was 105/80 in the arms and 170/110 
miles a day One day he tapped up in the shop in the legs Screening showed a heart shghtlj 
an e , and this accident was mis-diagnosed by his enlarged (13/25 cm) with the pulmonary conus 
? m .P ,°. icr a Jt a %vas dismissed as a potential prominent and an enlarged nght ventncle In the 

* a ' ' ■ , , IS cyanosis, which was by now extreme, nght lower lung field was a evreumsenbed shadow 
prevented his findmg other employment, much as he with a well-defined margin, calcified in its lower and 
k 109 
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Fig I Case 1, aged 27, showing deep cyanosis and cutaneous angiomata 


lateral part This was connected to the right hilum 
by a well-marked vascular shadow and there was 
pulsation from hilum to the tumour, which itself 
did not appear to pulsate, the vessels of the left 
hilum were not increased (Fig 3A) The electro- 
cardiogram (Fig 7) showed marked right axis 
deviation with broad and prominent P waves in 
leads I and II and an inverted T in lead III 
After the shadow in the lung had been seen, the 
two important points needed to clinch the diagnosis 
of arteriovenous aneurysm were looked for, and 
found On listening at the right base posteriorly 
there was a well-marked localized systolic murmur, 
but no diastolic element Angiomata were found 
on the inner side of the lips and on the buttocks 
(Fig 4) and it was clear the seborrhaeic disfigurement 
of the face had masked further small angiomata 
though the smaller ones were still difficult to see 
owing to the intense cyanosis (Fig 1) A diagnosis 
of arteriovenous aneurysm of the lung was made, 


and he was admitted in February 1948 for further 
investigation with a view to operative treatment 
The blood picture showed marked polycythamua 
with 7 5 million red cells, a haimoglobin of 140 
per cent, and a hsmatocnt of 90, the white cells 
were 8000 per cu mm with a normal differential 
count The circulation times were done by Dr 
Allanby, the arm to tongue time with decholm 
being 14 sec and arm to lung time with paraldehyde 
being 8 5 sec , both lying within normal limits 
Probably the viscosity of the blood due to his 
polycythiemia nullified any tendency to a quickening 
of the circulation rate due to the shunt The vital 
capacity was 2 5 litres Unipolar limb and chest 
leads showed a vertical heart but no evidence of 
right ventricular hypertrophy The blood volume 
was calculated by Dr Reeve, the volume of red 
blood cells being measured by injecting a known 
amount of radioactive red cells He points out that 
owing to the abnormal mixing of the blood the 
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Fig 2. — Case 1 , showing clubbing of the fingers 



Fig 3 — Case 1 (A) Straight X-ray with partly calcified aneurysm attached to nght hdum by vascular shadow 

IB) Angiocardiogram at 2 sec showmg two additional vascular tumours, one in the nght lower zone near the 
mediastinum and a small one in the left lower zone behind the heart shadow' 
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Fia 4 —Case 1 Buttocks showing angiomata 


figures are approximate, but a red blood cell volume 
of 6960 ml and a total blood volume of 8580 ml 
show an increase above normal 
The angiocardiogram taken by Dr Hills showed 
well the filling of the opacity previously seen and in 
addition two further vascular tumours, one in the 
right lower zone nearer the mediastinum and a small 
one in the left lower zone behind the heart shadow 
(Fig 3B) X-ray films of hands and feet showed no 
pulmonary osteopathy 

Cardiac catheterization was done by Drs H E 
Holling and G Zak and both branches of the 
pulmonary artery were entered without difficulty, 
and the findings are summarized in Table J 

The finding of a normal pressure in the right 
auncle is interesting in view of the suggestion of 
cardiac failure furnished by the slight cedema of his 
ankles The lower pressure in the right pulmonary 
artery may be a consequence of the lower peripheral 


resistance offered by the hemangioma on that side 
e general opinion that the peripheral resistance of 
ung vessels is negligible is against this view, but the 
blood was extremely viscous and the difference in 
peripheral resistance of the two lungs was probably 
great 


Estimations of the cardiac output and of the 
quantities of blood passing through the pulmonary 
hemangiomata were made 


Cardiac Output =Oxygen Consumption diudedby the 
Oxygen Content Pulmonary Vein (Arterial Blood) 
numts Oxygen Content Pulmonary Artery (ml /litre ) 
=230 

23 1 — 212 12 lltrcs 


Assuming that the blood passing through the 
pulmonary capillaries becomes 95 per cent saturated 
with oxygen, the pulmonary capillary circulation 
was estimated as 2 6 litres 


TABLE I 

Results of Cardiac Catheterization 



[ Inferior 

Superior 
j vena cava 

Right 

auncle 

{ Right 

I ventricle | 

j Pulmonary artery 

Brachial 
| artery 


j vena cava 

f Right 

I Left , 

Oxygen content 

| 23 6 

1 21 1 

21 

j 206 

21 2 

i 21 3 j 

23 I 

(Vol per 100 ml ) 

Percentage saturation 

74 

66 6 

66 4 

1 

i «2 

67 1 , 

67 3 ! 

73 

Pressure, mm Hg ( 

8 


8 

17 i 

,2 1 

15 

105/S0 
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The pulmonary shunt equals the cardiac out- 
put less the pulmonarv capillary circulation, i e 
9 4 (12—2 6) litres a minute, which is 80 per cent of 
the cardiac output 

This estimation of the proportion of blood passing 
through a shunt in the circulation is surprising but 
is not impossible considering the depth of the 
cyanosis It compares reasonably with estimated 
shunts in badly cyanosed congenital hearts and with 
arteriovenous fistula: of the systemic circulation 
The assumed figure of 95 per cent saturation of the 
blood after passage through the lung capillaries 
seems reasonable since the cyanosis of the patient 
did not lessen when he breathed oxygen Even if a 
figure of 85 per cent saturation is assumed the shunt 
would still pro\e to be 70 per cent of the cardiac 
output 

Mr R C Brock operated on April 5, 1948, with 
an anresthetic of intratracheal cyclopropane and 
curare by Dr Hutton A right posterolateral 
thoracotomy found the upper and middle lobes 
free but the lower lobe was bound down to the 
chest wall and diaphragm by many collateral vessels 
Some calcification could be felt on the surface and 
within the substance of the lower lobe, which also 
showed expansile pulsation and a thrill and was 
supplied by a very large artery, approximately 

2 cm m diameter During the course of the 
operation the right middle lobe bronchus was 
wounded and it was therefore necessary to remove 
both the right lower and middle lobes This was 
very difficult, partially because of the multiple 
vascular adhesions to the chest wall and diaphragm 
and partially due to the incomplete interlobar 
fissures, and as a result there was considerable 
blood loss Before the removal of the tumour the 
patient’s condition was poor, his systolic blood 
pressure was between 70 and 80 and was not 
improved either by transfusion or by bronchoscopic 
clearance of his normal lung However, after 
right and middle lobes had been successfully remov ed 
he partially recovered, his blood pressure rising to 
85/50 and his cyanosis disappearing The operation 
lasted five hours, and during this period he received 

3 pints of plasma and 1 5 pints of blood 

On returning to the ward his condition failed to 
improve, although his colour remained good and 
there was now no evidence of cyanosis, his systolic 
blood pressure did not rise above 90, his respirations 
were shallow, bubbling and stertorous and he was 
deeply unconscious X-ray of his chest showed 
complete collapse of his right upper lobe and on 
bronchoscopy a few ml of mucoid material were 
aspirated In spite of a transient improvement with 
this measure he lapsed into deeper coma and died 
some thirty hours after operation 


Necropsy was done by Dr F Camps, on April 7, 
1948, twenty-three hours after death There was 
about 250 ml of free fluid blood in the right pleural 
cavity and a slight extravasation into the posterior 
mediastmium The remaining upper right lobe 
contained no air but some lymph deposits The 
left lung was moderately well "crated, deeply con- 
gested, with peripheral collapse of the lower lobe 
where there was also a small haemangioma Sub- 
pleural and pericardial hemorrhages were seen 
The heart was normal with some right sided dilata- 
tion There was gross distension of the veins of 
the liver but no angiomata The kidnevs were also 
congested with dilated veins 

The specimen removed at operation is shown in 
Fig 5 and is reported on by Dr Allanby “ The 
specimen consists of the right middle and lower 
lobes The pleura is wrinkled due to partial 
collapse of the lobes, but bears no sign of inflamma- 
tion The lateral pleural surface of the lower lobe 
shows patches of calcification, more easily felt than 
seen Some fibrous adhesions are seen upon the 
diaphragmatic surface The pulmonary' vein leaving 
the lower lobe is grossly dilated and appears to 
communicate with a large thin-walled loculated 
system of spaces The cut surface of the lower lobe 
shows a multilocular hremangioma in its substance, 
measuring 3 5 cm by 3 0 cm adjacent to the 
calcified pleura, and 4 cm from the main lower lobe 
bronchus A branch of the pulmonary artery 
communicates directly with this cavernous space 
without capillary intervention The surrounding 
lung and the middle lobe are normal Sections 
showed the typical microscopic appearances of a 
cavernous haemangioma ’ 

The Second Case 

J A , aged 13, was admitted to Guy’s Hospital 
in September 1948 with acute osteomyelitis in the 
middle of the shaft of the left femur, this was 
associated with a positive blood culture and quickly 
responded to treatment with penicillin Cyanosis 
was noticed at 5 vears and had progressed to a degree 
when it was obvious at rest, with marked clubbing 
of the fingers and toes He had early been diagnosed 
as congenital heart disease and attended a special 
school, to which he was driven by ambulance, 
once there, he played football without any r distress 
Both parents and their three other children were 
normal A provisional diagnosis of arteriovenous 
aneurysm of the lung as the cause of his cyanosis 
was made on admission by the registrar. Dr W D 
Bnnton, on the X-ray appearance of the lung 
(Fig 6A) and was confirmed by the finding of a 
continuous murmur in the left upper chest as soon 
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Fig 5 Case 1 Cut surface of lower lobe removed at operation 


as the pulse slowed, and subsequently by angio- 
cardiogram (Fig 6B) 

He was a boy of average height for his age, but 
spare Cyanosis was obvious at rest, with some 
suffusion of the conjunctiva;, and was increased by 
exercise, though he was not unduly breathless 
Clubbing was marked He did not squat when 
tired The heart was not enlarged clinically and 
on X-ray showed a prominent pulmonary conus 
only and a cardio-thoracic ratio of 10/23 cm There 
was a short systolic murmur in the first and second 
left spaces 2 to 3 in from the midline and an 
increased pulmonary second sound Apart from 
this, heard over a wide area but best appreciated 
10 cm from the midline in the second space, was a 
more distant but clear continuous murmur, which 
could just be heard in the back above the left 
scapula there was no thrill The blood pressure 
was 115/75 Careful search found no systemic 
angiomata The hemoglobin was 126, with 7 2 


million red cells and a colour index of 0 88 The 
electrocardiogram (Fig 8) showed no right axis 
deviation The appearance on straight X-ray was 
of a mottled opacity in the apical and subapical 
segments of the upper left lobe composed of rather 
worm-hke streaks tending to radiate upwards and 
outwards from the hilum That these were vascular 
shadows was clearly shown on angiocardiography 
where most of the dye was shunted through the 
opacity, the arterial elements being filled in two 
seconds and the larger venous channels in the third 
second At the moment of reporting this case, 
for which we are indebted to Dr Hampson, Mr 
Brock has agreed to operate, but this has not yet 
been done * 

Discussion 

It will be seen that these two cases present a clear- 
cut clinical picture, but it is only of recent years that 

the arteriovenous aneurysm on February 10 1049 
Following operation cyanosis has disappeared 


* Mr Brock successfully removed the left upper lobe containing 
there was a large collateral circulation from the bronchial arteries 
and his physical capacity has increased 
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A B 

Fig 6 — Case 2, aged 13 (A) Straight X-ray showing streaky radiating shadows in left upper lobe (B) Angio- 

cardiogram at 2 sec from injection of dye, showing the vascular nature of the shadow in the left upper lobe 


it has been recognized In 1936 Bowers reported a 
fatal case in a child of two days old, and in 1938 
Rodes described the clinical picture in an adult 
The first reported case treated surgically was in 
1942 by Hepburn and Dauphinee, where the 
aneurysm was removed and the condition cured 
We have found 29 cases so far reported and although 
they are not all described m full detail a reasonable 
survey can be made, to which we are adding these 
2 further cases 

With the exception of the case of Bowers (1936), 
one mentioned by Sweet in the discussion following 
Maier’s (1948) paper, and our second case, the 
diagnosis has been made in adults, the average age 
of 26 cases being 29, with extremes of 16 and 51 
Nevertheless it appears that the condition has in 
most cases been present in childhood, for in 15 cases 
where the onset of cyanosis is given, it is since birth 
or early childhood in 8, between the ages of 6 and 
14 m 4, and in only 3 is it stated to have begun in 
adult life Both sexes are affected but in the reported 
cases there is a predominance of males A farndy 
history has been suggested m five instances, of which 
two seem certain, and Goldman s two cases of arterio- 
venous aneurysm in the lung (1943 and 1947) were 
brothers 

Cyanosis is the most important feature and its 
absence was noted in only two cases, that of Duvoir 
and Picot (1939) who had many visceral angiomata 


and died of pneumonia aged 16, and Whitakers 
(1947) second case, aged 33, where there was no 
disability, Maicr(1948) makes no mention of this 
point in his case It is only in these three that 
absence of “clubbing” is specifically mentioned, 
and with a few exceptions where no note is made it is, 
as might be expected, a feature that goes hand m 
hand with the degree of cyanosis Pulmonary osteo- 
arthropathy is reported once by Adams (1944) 
Polycythemia m the cyanosed cases is a constant 
finding with an average of 7 3 million in red cells, the 
highest figure being 11 4 million in Goldman s (1943) 
case, the colour index tends to be low, a com- 
mon finding in polycythemia It is likely, however, 
that although cyanosis is almost a constant finding 
m reported cases, both the increasing recognition 
of this condition and the increase in routine X-rays 
of the chest will reveal earlier cases before cyanosis 
develops 

It is not surprising that the combination of 
cyanosis, clubbing, and polycythemia usually 
occurring from an early age, often suggests a 
diagnosis of congenital heart disease, noteworthy 
exceptions to this misdiagnosis being Smith and 
Horton’s (1939) and Goldman’s (1947) cases, both 
in adults, who had been under treatment for poly- 
cythemia rubra vera Nothmg, however, is found 
amiss with the heart either on clinical or radiological 
examination, the sole abnormalities recorded being 
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Fig 7 Case 1 Standard leads showing Fig 8 — Case 2 Standard leads showing no 
marked right axis deviation with large nght axis deviation 

P waves and inverted T III 


by Sisson el al (1945) with a systolic murmur and 
enlargement, by Alexander (1945) with enlargement 
to the left without a murmur, and by Lindgren 
(1946) whose second case had mitral stenosis Nor, 
with the possible exception of Sisson’s (1945) case, 
is there any histoiy of these cases developing heart 
failure, and though congestive failure was suspected 
in our first case the cardiac catheterization showed 
that this was not present That arteriovenous 
shunts in the lesser circulation produce so little 
effect on the heart is m marked contrast to the 
well recognized strain exerted when similar shunts 
occur in the systemic circulation It would, 
therefore, seem that the combination of cyanosis, 
clubbing, and polycythaemia, with normal findings on 
examination of the heart, should suggest the possi- 
bility and search for arteriovenous aneurysm of the 
lung 

The main symptom of the condition is dyspnoea 
which has not preceded the cyanosis in any patient 
The degree of disability in many has been slight, 
particularly considering the degree of cyanosis, 
and in only 7 of the 29 reported cases would it 
appear to have been marked In this respect our 
first patient appears to have been an unusually 
severe and late example of the condition Attacks 
of dizziness and faintness, not amounting to loss of 
consciousness, such as were experienced in our 
first case, have been noted in others They are 
presumably due to the increased blood viscosity 
in polycythserrua and are similar to the attacks so 
common in morbus coeruleus, though cerebral 


thrombosis has not occurred Alexander (1945), 
however, reports a case of a patient with marked 
polyeythasmia who died of coronary thrombosis 
Epistaxis is not uncommon and occurred frequently 
m our first patient, once necessitating admission 
to hospital This is not unusual in subjects of poly- 
cythaimia from any cause, but might well be due, in 
tins particular condition, to angiomata in the nasal 
mucosa, unfortunately we omitted to examine this 
site, either m life or post-mortem Hemoptysis 
is reported, and was the cause of death in Rodes 
(1938) case, and Lindgren’s (1 946) third case had 
been diagnosed and treated as pulmonary tuber- 
culosis on account of this symptom 

In contrast to the negative findings on clinical 
examination of the heart, a murmur in the lungs, 
usually systolic but occasionally with a diastolic 
component, was found in 14 of 23 cases where this 
sign is mentioned Similarly in 19 cases where the 
point is made, associated lesions in other parts were 
found in 12, the commonest site being on the lips 
These two signs, therefore, afforded strong con- 
firmatory evidence of the diagnosis of arteriovenous 
aneurysm of the lung 

The clinical diagnosis is confirmed by radiology 
and in no case has a straight X-ray failed to show 
the lesion m the lung No doubt in many instances, 
as m ours, the finding of a shadow away from the 
heart has been the finger pointing to the answer in 
a puzzling clinical problem These are variously 
described as rounded, with defined or with irregular 
edges, wormhhe, or as an extension of the hilar 


ARTERIOVENOUS ANEURYSM OF THE LUNG 


1 17 


vascular pattern pulsation may be seen and calci- 
fication had developed in our first ease Tomo- 
graphy will clarify and localize, and kymography 
ma\ show pulsation not visible or established by 
cardioscopy, but the angiocardiogram is most 
helpful not only in establishing the vascular nature 
of a doubtful shadow but in outlining aneurysms 
close to the mediastinum or hilum or obscured b> the 
heart Though the experience of Sisson ct al (1945) 
whose case died as a result of this investigation, 
must be remembered an angiocardiogram was 
ampfy rewarded in our first case bv showing two 
additional shadows not seen on the straight X-rajs 
or on screening As multiple shadows have 
occurred in about half the cases, this investigation 
would appear to be necessary if surgical intervention 
is contemplated 

Investigations of the circulatory d>namics have 
not been common The circulation time in our 
first case was normal, which is in accordance with 
the findings of Makler and Zion (1946) and of 
Watson (1947) The percentage of blood passing 
through the shunt was estimated by Maier (1948) 
to be 58, compared with 25 to 30 m one of Lindgren s 
(1946) cases and the 80 in our first case Normal 
intracardiac pressures were found on catheterization 
in our case as in Maier’s (1948) but unlike our very 
high figure of 10 to 20 litres a minute, the cardiac 
output was normal The increased blood volume 
which we record was found in all the 8 other estima- 
tions made It is due to the increased cell volume, 
the plasma volume being unaffected, a distinction 
from arteriovenous aneurysms m the systemic 
circulation where both cell and plasma volume 
arc increased with a normal htematoent reading 

The natural course and prognosis of a condition 
so recently recognized and so readily subjected to 
surgery is not easy to estimate From the reported 
cases it is clear that there is steady, though often 
slow progression from cyanosis alone, the first 
sign of a lesion of any size, to symptoms of breath- 
lessness, to restricted activity, and in a few cases to 
complete disability It must be remembered that 


ejanosis alone is disfiguring in the developing chi 
or >oung adult and there are associated hazan 
from vascular accidents due to the polycythaim 
or the lesion itself In the 29 cases we have foun 
5 died one from a haemoptysis at 25 (Rodes), or 
aged two days from haemorrhage through tl 
pleura (Bowers), one from coronary thrombosis ; 
41 (Alexander), one case, not cyanosed, froi 
pneumonia at 16 (Duvoir), and one aged 45 
severe case, as the result of angiocardiograpf 
(Sisson) While the average age of the group 
29, and many had little disability except the cyanos 
notably Smith and Horton’s case of a “ bit 


baby ’ who at 46 had onlj some dyspnoea — 
there is no case older than 51 It would therefore 
appear that m those with lesions of an> size, where 
evanosis is of necessity present, the expectation of 
life is diminished, though up to the age of 30 the 
hazards arc not great This would suggest that in 
these, operation, if it is a reasonable risk, should 
certainly be contemplated, for if successful, it would 
mean a cure 

Even allowing for unsuccessful cases which might 
not so readily be reported, the results are certainly 
encouraging Five of the cases died and 19 of 
the remaining 24 cases had operations There were 
2 fatalities, to which we now add another In one 
where the operation is not described, the disappear- 
ance ofcjanosis is noted as slow, but the others — three 
with local excision, the remainder with lobectomy or 
pneumonectomy — are reported as cures although 
post-operative observations are minimal and follow- 
up necessarily short In arteriovenous aneurysm of 
the lung where cyanosis is present it would seem 
therefore that operation is not only indicated but 
is a reasonable risk We know that children stand 
thoracic operations better than adults so that it is 
important to make the diagnosis at an early age 
In those where the condition is recognized without 
cyanosis — and the quickening appreciation of it 
will probably reveal cases where an obscure lung 
shadow is the only finding — the need for surgical 
intervention would appear small Whitaker s sec- 
ond patient who refused operation was one of these, 
and it is by following these types of cases that we 
shall get a wider appreciation of the natural course 
of a condition, possibly by no means rare, which so 
far has been diagnosed only in its more severe 
degrees 


Summary 

Two cases of arteriovenous aneurysm of the lung 
are described and discussed with 29 cases previously 
reported A clear clinical picture, which has only 
been recognized in the last ten years, is seen , and the 
condition is by no means rare Cyanosis from 
childhood or early adult life, with clubbing and 
polycythremia are the most important features 
Physical signs in the heart are uncommon but a 
murmur may be heard m the chest, corresponding 
to the invariable finding of an opacity in X-ray of 
the lungs Associated vascular lesions in skrn, 
mucous membranes, and particularly the lips are 
common The cyanosis is slowly progressive and 
is followed by dyspnoea, restricted activity, and 
eventually incapacity Hazards to life are from 
anoxaemia, polycythaemia, and haemorrhage from 
the aneurysm, rather than from heart failure The 
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commonest misdiagnosis is congenital heart disease 
when cyanosis develops in early life, as is common, 
but it may also be mistaken for polycythsemia rubra 
vera if cyanosis first develops in adult life, or 
pulmonary tuberculosis when haemoptysis occurs 
with the undiagnosed X-ray opacity 
It is successfully treated by removal of the 
aneurysm, by lobectomy or pneumonectomy 


Surgeiy is a reasonable risk and indicated in those 
with lesions large enough to cause cyanosis The 
importance of early diagnosis and surgical inter- 
vention at an appropriate stage m the disease is 
stressed 

We are indebted to the numerous colleagues at Guy’s 
Hospital, mentioned above who co-operated in the 
investigation and treatment of these two cases 
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THE HEART RATE WITH EXERCISE IN 
PATIENTS WITH AURICULAR FIBRILLATION 


BY 

J A C KNOX 

From the Deportment of Pliysiologt , King's College, London 
Rcccivrd December 14 1948 

In a preMous article (Knox, 1940) an accurate Results 

method of recording the changes in heart rate The heart-rate indices The figures for the 
during exercise was described, and results were various heart-rate indices of the fibrillation cases in 

given for normal subjects performing a brief light the different Exercise Tolerance Groups ’ are 

step-test This technique has now been applied to shown in Table I For comparison, the mean 

patients with auricular fibrillation The present results for 100 normal subjects (75 men and 25 

senes consists of twenty-two tracings from thirteen women) are also included in this table It can be 

ambulant patients with fibrillation seen that there was no correlation between any of 

The standard exercise was five ascents of two these heart rate indices and the patient s clinical 

steps each ten inches high, the rate of stepping being condition This was not unexpected, as the number 

96 a minute The exercise began and ended in the of patients in each group is very small and in 

sitting posture and its total duration was about addition the completely irregular ventricular rhythm 

twenty seconds The heart beats were electrically present in fibrillation produces sudden arbitrary 

recorded on a smoked drum throughout exercise changes in heart rate in the successive five-second 

and were counted in five-second periods to the intervals counted Certain general characteristics, 

nearest tenth of a beat however, can be seen in Table I 

The clinical condition of the patients with fibnlla- Apart from the single case with good tolerance 
tion was classified as good, fairly good, fair, or poor the maximum rates reached during the step-test 

°f I|' c ^ >asis the functional capacity classification were much higher than m the normal subjects 

° li ^™r' encan Heart Association (1926) This was This was also true for the percentage and actual 

e ‘r , t lc Patients’ “ Exercise Tolerance Group ” increases over the initial rates, and for the post- 

n a ltion, the patients were also grouped accord- exercise rates 

' n2 F *?. w ct they were receiving digitalis or not The curve of heart rate during exercise Fig 1 

u etails of the method of calculating the shows the mean curves of heart rate during exercise 

various cart rate indices were given in the previous for the different tolerance groups m all the fibnlla- 

ic e an only a summary need be given here tion patients who were on digitalis For comparison, 

ten ° “T ratC IS t ^ le ^ leart rate averaged over the the mean curve of the normal subjects is also in- 

secon s immediately preceding exercise eluded in the figure Two of the curves (fairly good 

during maximurn ratc IS highest rate observed and fair) show a distinct fall m heart rate during the 
exercise averaged over a five-second period first five seconds of the exercise, a phenomenon that 
subtract^ 6 ^ tlon op t ^ le heart rate is calculated by is of course never seen m normal subjects In 
preceding*^ e the five s ec° n cis ir nmed!a.tely general, compared with the normal curve, the 

dividing flJTS i/ 01 ? the maximum ra te, and acceleration immediately after the beginning of 
maximum ra ^ SU ' tlme ta ^ en to reach the exercise in the digitalized patients with fibrillation 
The post-exern , 13 * ess > hut later during the exercise great accelera- 

over a thirtv-ser lsc , rate IS the heart rate averaged tion occurs, reaching a higher value than in the 
after exercise endT penoa beginning five seconds normals Thus in Fig 1 all the fibrillation curves 

show a steeper slope m some portion of them course 
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TABLE I 


Index 

Mean 
results 
in 100 
normal 
subjects 



Auricular fibrillation patients grouped by estimate 
of their exercise tolerance 

1 

Good 

1 Fa-rty I Fair 

j good i a,r 

Poor 

on 

digitalis 
(1 case) 

on 

digitalis 
(2 cases) 

1 

on 

djguaJjs 
(2 cases} 

not on 
digitalis 
(1 case) 

on | not on 
digitalis digitalis 
(4 cases) j (3 cases) 

nmi ii rate (oeats/mm ) R7 , ^ 

W - . . ' ■ - 

! 116 j 96 

1 

I 136 

J 100 I J 16 

Maximum rate (beats/min ) j 

131 ! 130 j 185 1 151 

- - - l 1 

l 

i 235 

( l 

1 155 j 182 

Acceleration of heart rate (beats/mm /sec ) 

j 23 , 22 j 28 j 

1 

60 

! I 

3 1 ! 2 3 

Percentage increase on initial rate 

53 

95 1 60 

59 

78 

59 J 

64 

Actual increase in beats/min 

44 

63 | 69 j 

56 

100 

56 j 

65 

Post exercise rate (beats/min ) 

— __________ 

93 

104 

140 j 

132 j 

1 

176 j 

135 | 

1 

165 



Fig J — Auricular fibrillation patients on digitalis (Senes Q Graphs of mean 
heart rates before, during and after the standard step test in patients 
classified into their different ‘ tolerance groups ” 

The dotted line shows the mean curve for normal subjects 
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Seconds 

Fig 2 — Auricular fibrillation patients not on digitalis (Senes C) Graphs of heart 
rate before, during and after the standard step test in four patients 
Curves A, B, C, and D are each from a separate patient 


than does the normal curve This sudden delayed 
acceleration was very characteristic of those with 
fibrillation It will also be seen that after the end of 
exercise the heart rate falls very slowly compared 
with the normal, especially in the poorer tolerance 
groups 

The curves of heart rate during the step test in 
our patients with fibrillation who were not on 
lgitalis are given m Fig 2 In general they show 
the same charactenstics as the digitalized patients, 
cse include the drop in rate at the beginning of 
xercisc (in two cases), the delayed acceleration (in 
rec rases) and the continuation of a high heart 

nanem Cnd of excrclse Curve B, from a 

the hmu!. mitra ' Gnosis and fair tolerance has 
. s maximut n rate reached by any patient, 
a minute averaged over a five-second 


period A portion of the actual tracing is given in 
Fig 3 It is surprising that such an extreme fre- 
quency was reached during a very mild exercise 
lasting only twenty seconds m a patient who could 
get about reasonably well In both the digitalized 
and non-digitalized groups the curves of heart rate 
for the patients with ‘ poor ” tolerance did not as a 
rule show such high instantaneous values of accelera- 
tion as the other tolerance groups 

Variations in a single subject It might be ex- 
pected that owing to the complete irregularity of the 
ventricular rate in fibrillation there would be very 
great variations m the shape of the heart rate curve, 
even m the same patient on the same day Fig 4 
shows three curves of the response of the heart rate 
to the standard step test performed at 15 minute 
intervals by the same patient with fibrillation The 
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totion Between the dips in the 
half of exercise the extremely high 


heart rat'e of 235te n t kstfUf^f Bctween thc »n the 

nean rate of 235 beats a mmute was attained F curing the last half of exercise the u.„u 

Upper line — signal ~ 

Second line — time in seconds r' r ° ),ne ~heart beats 

Fourth hne — respiration 



Fig 4 — Effect of repetition of the standard step-test 3 tunes at 15 minute intervals on 
the heart rate of a patient with auricular fibrillation (Senes C, Case C 49) 

Curve A — Heart rate before, during, and after the standard step-test 

Curve B — The same, 15 minutes later 

Curve C — The same, 15 minutes after Curve B 
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cuncs were taken in the order ABC The varia- 
tion ts greater than one would expect front a normal 
subject, but in view of the complete arrhvthnna the 
general shape of the curve is remarkably well main- 
tained It can be seen that the acceleration tends to 
decrease in successive tests Similar results were 
obtained from two other patients with fibrillation 
There was some evidence tint this constancy in 
the shape of the heart rate curve of a given patient 
ma> persist over considerable periods of time even 
when the clinical condition has improved or de- 
teriorated The curves for two such patients during 
the standard step test arc shown in Fig 5 Curve A 
is from a patient on digitalis whose tolerance 
classification was fairly good Curve B is from 
the same patient one >car later when the clinical 
condition had improved, the dosage of digitalis 
remaining unchanged Curve C shows the response 
m another patient with fibrillation also on digitalis 
His tolerance classification was poor and 
coupling of the beats was present Curve D is from 
the same patient six months later when his general 


condition had become worse, though the coupling 
was now absent The figure demonstrates how the 
characteristic shape of the curve for each patient 
was maintained even after an interval of many 
months Thus curves A and B both show a “ peak ” 
type of curve with marked oscillations after the end 
of exercise, whereas curves C and D are of the 
‘ plateau type with a relatively smooth post- 
cxcrcisc fall in rate 

The improvement in the condition of the first 
patient is accompanied by a fall in the general level 
of his curve, whereas the reverse is true of the second 
patient whose condition had become worse While 
this docs suggest that the exercise heart rate curves 
of these patients may vary with their clinical con- 
dition it is also possible that the variations were due 
to different degrees of digitalization, although the 
actual dosage remained constant in each case 

The tracing from which curve C was taken showed 
the actual onset of a period of coupling A repro- 
duction of part of this tracing is given in Fig 6, and 
the start of cot pling in a burst of cxtras>stoles can 



Seconds 

^ IG — Curves of heart rate during the standard step-test in two cases of auricular 
fibrillation 

Curve A — Heart rate before, during, and after the step-test 

Curve B — The heart rate in the same patient one year later when the clinical 
condition had improved 

Curve C — Heart rate before, during, and after the step-test in another 
nbnllauon patient 

5" urv p D — The heart rate six months later in the same patient as Curve C, 
wnen the clinical condition had deteriorated 
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Fig 6 — Kymograph tracing showing onset of a period of coupling in a patient with auricular fibrillation 
The coupled beats begin after a burst of extrasystoles 
The dip in the signal line indicates the beginning of the standard step-test 

Upper line —signal Third line —heart beats 

Second line— time in seconds Fourth Ime — respiration 


be seen to occur about thirty-five seconds before 
the beginning of exercise The coupled beats per- 
sisted throughout exercise and were still present 
when the patient left the laboratory some fifteen 
minutes later This patient may have been of the 
type referred to by Goodman and Gilman (1942) 
m whom relatively small doses of digitalis may cause 
coupling, as he was receiving only 1 grain tab dig 
pulv once daily 

Discussion 

Blumgart (1924) was the first to attempt a quanti- 
tative estimate of the effect of exercise on the heart 
rate in cases of fibrillation His exercise consisted 
in stepping twenty times on and off a chair, and the 
test was carried out by six controls and nine patients 
Heart rates were recorded before and immediately 
after exercise, but no records were obtained during 
the exercise period He concluded that fibrillating 
hearts respond to a given exercise by a dispropor- 
tionate rise in ventricular rate and by a delayed 
return to normal Both these findings are upheld 
by the present results as can be seen from Fig 

Blumgart also found that digitalis in ordinary 
doses failed to prevent the exaggerated response to 
exercise m fact, the actual increase m rate was 
slightly greater under digitalis In the present 
senes it was not possible to compare the results in 


ably greater than in patients of the same tolerance 
group who were receiving the drug In general, if 
we consider the patients in the “ poor tolerance ” 
group of whom four were on digitalis while three 
were not, all the indices except the acceleration of 
the heart rate are higher m the non digitalized group 
Digitalis, therefore, while failing to abolish the 
exaggerated increase in rate, did appear to diminish 
it to a considerable extent m my cases * Although 
contrary to Blumgart’s findings, this is m agreement 
with the results of Weinstein, Plant, and Katz 
(1940) who showed that digitalis when used in large 
therapeutic doses lessened the ventricular accelera- 
tion due to a standard exercise test m ambulant 
fibrillation cases 

This is of interest m connection with the work o) 
Gold el ol (1939) who analysed the relative import- 
ance of the vagal and extra-vagal mechanisms by 
which digitalis slows the ventricle in fibrillation 
They found the slowing caused by small doses of 
digitalis (up to about 60 per cent of the full dose > 
could be counteracted by large doses of atropine, so 
that it was largely due to vagal stimulation When 
fuff doses of digitalis were given, atropine could no 
longer increase the ventricular rate and the slowing 
was then dearly due to exlravagal actions ot 
digitalis The mam extravagal action was said to 
be the increase in the refractory period or the A V 

C °" S3. Gold, and Rothendler applied 

these results to the exercise accelerat.on of the 


senes it was not possmie iu — , “ . . resu! ts to the exercise acceleration 

thclmc patients while on and off digital. shut it *^7 p ^ cnts Wlth fibnllabon They con- 
can be seen from Table I that the actual in r eluded that in the average case the exaggerated 

. ,. rt ra ( e 0 f the digitalized cases was much greater during exercise was due chiefly, if not 

£ Xnom.S so that bore also “S' "dSS m vagal tone, and that blocks 

fa*) to protect completely asamst an eaaggera ed ent.rdy, accelerate.) the vemnete 


XZTS £3£»ta> pmnts 
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exertion Extra-vagal digitalization with large doses 
prevented the exaggerated response to exercise 
through direct action on the A-V conducting 
system, in accordance with the theory They also 
pointed out that the ventricular rate at rest does 
not indicate whether digitalis has caused slowing 
by the vagal or the extra-vagal mechanism, but that 
there are two simple wa>s of detecting extra- 
vagal digitalization Either 2 mg of atropine may 
be given intravenously or the patient may be made 
to exercise If neither of these procedures raises 
the ventricular rate to over 100 a minute, then 
enough digitalis has been given to cause slowing by 
the extra-vagal mechanism Judged by the latter 
test, the extra-vagal mechanism can only have been 
prominent in one of the digitalized cases of the 
present series and there it was associated with 
marked coupling of beats It is noteworthy that 
this was the only case m which no delayed accelera- 
tion of the heart occurred and it is thus probable 
that a sudden diminution in vagal tone was the mam 
factor causing the delayed acceleration 


Summary 

In a series of thirteen ambulant patients with 
fibrillation the maximum heart rates reached during 
a short standard step-test were much higher than in 
normal subjects 

No correlation was found between any of the 
heart-rate indices (initial rate, maximum rate, 
acceleration, percentage increase, actual increase, 
and post-exercise rate) and the clinical condition 
of the various patients 

In spite of the complete irregularity of the ventri- 
cular rate, the response to exercise in a given 
patient was reasonably constant 

In some cases a brief fall in heart rate occurred at 
the beginning of exercise 

An almost constant feature was a sudden delayed 
acceleration of the heart rate commencing about 
twelve seconds after exercise had begun 

Digitalis, while failing to abolish the exaggerated 
increase in rate, appeared to diminish it to a con- 
siderable extent 
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The object of this paper is to suggest that a 
diagnosis of calcified aortic valve can justifiably be 
made more often than is the current practice, and 
that the lesion can be convincingly demonstrated 
and permanently recorded by a special radiological 
technique not hitherto described 
Ra> ger described the first recorded case of calcified 
aortic valve in 1697 he performed an autopsy, and 
sent one of the calcified cusps to Bonet, who 
described it in a publication dated 1700 A few 
years later Cowpcr (1706) described a man of forty 
with dyspnoea, angina, faintness and petrifaction of 
the aortic valve — “ the valves of the Great Artery 
w'crc Pctrify’d insomuch that they could not approach 
each other ” Further cases were reported by 
Vieussens (1715), Chevers (1842), Lloyd (1846), and 
Peacock (1868) Lannaec (1829) gives an excellent 
clinical description The earliest extensive patho- 
logical account is that of Hasse (1846) 

In more modem times, calcified aortic valve was 
neglected until 1931, when Christian reported a 
senes of 22 cases, and attempted to lay down clinical 


of all healed valvular defects The highest incidence 
of the lesion was that reported by Sophian (1945) 
who found 31 cases in 500 consecutive autopsies at 
the U S Marine Hospital He attnbuted the high 
incidence of the lesion in his cases to age, sex, and 
occupation Thus it appears that, although the 
available figures show a fairly wide range of varia- 
tion, the lesion is undoubtedly quite common 
While discussing the incidence of the lesion, it is 
interesting to note how infrequently aortic stenosis 
occurs without calcification of the valve cusps In 
Christian’s senes (1931) of 22 cases there was calci- 
fication in all but one, Dry and Wilhus (1939) 
reported 116 cases that came to necropsy, in all of 
which calcification was found, and 122 cases 
diagnosed clinically with radiologically demonstrable 
calcification This shows that calcification occurs 
early m aortic stenosis and is almost always present 
by the time of death or diagnosis 
Unfortunately there are few figures available to 
show how frequently calcified aortic valve is diag- 
nosed in life Blackford and Bryan (1936) found 


criteria for the diagnosis Interest was further 
aroused by the paper of Sosman and Wosika (1933) 
on radiological demonstration of valvular calcifica- 
tion, and there have been numerous American 
papers on all aspects of the subject up to the present 
time 

The English papers on the subject, however, are 
extremely scanty Bennett (1930) reported a single 
case and Gibbs (1935) described the pathology 
Campbell and Shackle (1932) give the lesion passing 
mention m a general survey of aortic disease The 
fullest account wntten in this country was that of 

Campbell (1937) . lo . m 

Frequency of the lesion Hall and Ichioka (1940) 
found 31 cases of calcified aortic valve in 4000 
autopsies Dry and Wilhus (1939) found 23 cases in 
2616 consecutive autopsies, and they further pointed 
out that calcified aortic valve constitutes 1 8 per cent 


less than 50 reported cases, that had been diagnosed 
m life, up to 1936 Berk and Dinnerstein (1938) 
reported 16 cases, of which only 5 were diagnosed 
m life, while Reich (1945) reported 22 cases, of which 
1 1 were diagnosed The later series show a much 
greater frequency of diagnosis than those prior to 
1932 eg Margohs et al (1931) reported 42 cases, 
of which only 2 were correctly diagnosed in life 

The Material for this Study 

This paper describes 14 patients suffering from 
“ pure ” calcified aortic valve, in whom the lesion 
was suspected clinically and proved on radiological 
grounds The table records the main facts concern- 
ing the patients 

Of the 14 patients, 12 were men and 2 women 
Their ages ranged from 27 to 71, the average being 
a little over 50 Only 4 of the patients gave a 
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TABLE I 

Asalysis of Fourteen Cases of Calcified Aortic Valve 


Clinical Anahsis 


Case number 

1 

2 

3 

4 

Age 

50 

62 

53 

58 

Sex 

M 

M 

M 

F 

History of acute rheumatism 

0 

0 

0 

0 

Cardiovascular symptoms 

0 

j- 

j- 

— 

Dyspnoea 

0 

0 

- 1 - 

— 

Angina 

0 

J- 


— 

Syncope or dizziness 

— 

+ 

0 

0 

(Edema 

0 

0 

0 

0 

Clinical cardiac enlargement 

0 

— 

0 

— 

Anacrotic pulse 

0 

0 

0 

0 

Blood pressure (mm Hg ) 

130 

130 

110 

120 


100 

95 

80 

90 

Pulse pressure (mm Hg ) 

30 

35 

30 

30 

Thrill 

0 

0 

— 

0 

Systolic murmur 

- 

_L 

_i_ 

— 

Propagauon of murmur to neck 

+ 

T 

— 

— 

Propagation to whole prxcordium 

— 

0 

0 

0 

Aortic second sound 

0 

0 

0 

0 

Aortic diastolic murmur 

0 

0 

0 

0 

Evidence of congestive failure 

0 

0 

0 

0 

Left axis shift or L V strain 

0 

J - 

0 

— 

Wassermann reaction 

0 

0 

0 

0 

Peripheral arteriosclerosis 

0 


0 

— 

X-rai Anahsis 





Heart size 

0 

-i- 

0 


Calcification visible on screen 

— 

0 

_L_ 

0 

Calcification visible on overpcne- 





trating X-ray 

-L. 

0 

— 

0 

Calcification visible on tomogram 

-L. 

_1_ 

_L_ 

— 


history of acute rheumatism, and in one of these it 
was doubtful None of the patients gate a history 
of syphilis, and the Wassermann reaction was 
negative in all cases 

The symptoms of which the patients complained 
varied Four had no symptoms referable to the 
cardiovascular system of the other 10, 9 complained 
of dyspncea, 8 of angina pectons, 6 of syncope or 
dizziness, and 1 of oedema One man complained 
of loss of memory and of the power of concentration 

The physical findings were as follows clinical 
evidence of cardiac enlargement was present in 8 
patients, peripheral arteriosclerosis was found m 
5, and the pulse was thought to be anacrotic in 4 
The blood pressure was not characteristic, but in 
general the systolic pressure was rather low and the 
diastolic rather high, unless the former were modified 
by associated hypertension or the latter by aortic 
regurgitation The pulse pressure ranged from 


5 

6 

7 

8 

9 

to 

11 

12 

13 

14 

53 

60 

35 

46 

41 

61 

43 

71 

49 

27 

M 

M 

M 

M 

M 

M 

M 

F 

M 

M 

— 


0 

0 

0 

0 

9 

0 

— 

0 

0 


— 

0 

-L- 

-U 


— 

— 

0 

0 


J- 

0 

— 

— 

— 

— 

— 

0 

0 


0 

0 

— 

- 

— 

0 

— 

0 

0 

0 

0 

0 


— 

— 

0 

— 

0 

0 

0 

J- 

0 

0 

0 

0 

0 

0 

0 

0 

— 

J _ 

0 

— 

0 

— 

— 

0 

— 

0 

0 

— 

0 

0 

— 

- 

0 

-1- 

0 

140 

200 

130 

155 

120 

150 

120 

150 

100 

135 

85 

85 

100 

85 

80 

115 

90 

95 

80 

80 

55 

115 

30 

70 

40 

35 

30 

55 

20 

55 

0 

— 

— 


— 

0 

— 


— 

— 


___ 


-L 

— 

— 

— 

_ 

— 

— 


0 

— 

— 

0 

— 

0 

- 

- 

- 


0 

0 

0 

0 

0 

0 

0 

- 

— 

— 

0 

— 

0 

0 

— 

— 

0 

- 

— 

0 

0 

— 

0 

0 

0 

0 

0 

0 

0 

0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-L 

0 

0 

0 

— 

0 

— 

0 

0 

J- 



-L. 

-L~ 

_ 

_ 



0 



0 

9_ 

9 — 

0 

-L- 

- 

- 

- 

0 

9 

0 

0 

0 

0 

0 


0 

— 

0 

0 

~r 


-i- 

-L 

— 

-L- 

— 



— 

30 to 1 15 mm 

Hg , the average being 45 mm 

(see 

Table) In 

9 

of the 

patients 

there 

was 

a 1 

basal 


systolic thrill, and in all 14 a basal systolic murmur 
The basal murmur was maximal in the second right 
intercostal space and was propagated to the root of 
the neck in all cases in 8 of the patients the murmur 
was audible over the whole praxordium The aortic 
second sound was audible in only 3 of the cases 
There was an aortic diastolic murmur m 6 cases 
but the presence of such a murmur did not bear 
any significant relationship to the height of the pulse 
pressure (see Table) Electrocardiography proved 
of no assistance m diagnosis and showed no charac- 
teristic features 1 1 patients showed evidence of left 
axis deviation or left ventricular strain, and of these 
one showed left bundle branch block, one 2 1 A-V 
block and one the typical changes of anterior 
coronary occlusion The cardiographs of the 3 
remaining patients showed no abnormality 
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Ten of the patients have been followed up for 
periods up to two years One died of congestive 
cardiac failure soon after admission, and 3 died 
suddenly within a few months of discharge from 
hospital of the other 6 patients with whom contact 
has been maintained, one has developed severe 
dyspnoea and angina pectoris, the other 5 have 
remained unchanged 

/Etiology 

The aitiology of this condition is uncertain, and 
this investigation adds nothing to our knowledge of 
the subject There is no evidence that the lesion 
is due to a disturbance of calcium metabolism 
fBramwell and King, 1942) to focal sepsis as sug- 
gested by Thalhcimer (1922) or to syphilis (Christian, 
1931 , Margohs el a! , 1931 , Grant, 1933) Libman 
(1913) and Perry (1936) observed that subacute 
bacterial endocarditis may heal by calcification, and 
Cohen et a! (1940) described one case of calcified 
aortic valve that showed healed aneurysms of the 
hepatic artery with renal and splenic infarcts 
But, m general, there is no history in these patients 
suggestive of bacterial endocarditis 
The two views most commonly held regarding the 
tctiology are that it is a form of atherosclerosis 
(Monckeberg, 1904, Sohval and Gross, 1936), or 
that it is an unusual manifestation of rheumatic 
carditis (Cabot, 1926, Karsner and Koletsky, 1940 
and 1947, Hall and Ichioka, 1940) Allbutt (1898) 
first pointed out the low incidence of atheroma of 
the aorta in cases of calcified aortic valve, and this 
fact has been confirmed many times since (Clawson 
et a! , 1926, Scherf, 1938), Dry and WilUus (1939) 
make a further observation that coronary atheroma 
is usually in inverse proportion to the degree of 
aortic stenosis 

The incidence of a history of acute rheumatism or 
chorea in this condition is variable, the lowest 
incidence (4 per cent) being in the senes of Fnedwald 
and Ewing (1938), and the highest (56 per cent) in 
that of Cabot (1926) In the present senes 4 
patients (28 per cent) gave a history of acute 
rheumatism 

The sex distribution of the disease is remarkable, 
whatever the tebology In favour of a rheumatic 
origin it has been argued that chorea, which is 
predominantly a disease of women, is rarely followed 
by aortic valve disease (Contralto and Levine, 1937, 
Clawson et ri! , 1938), that rheumatic carditis is a 
less severe disease in men than in women, and that 
the mild attacks are most likely to pass undiagnosed, 
and to be followed by slowly progressive lesions of 
the aortic valve (Dry and Willius, 1939) 

The age incidence is more suggestive of atheroma 
than of rheumatic valvular disease but cases have 


been recorded in young persons, and the fact that the 
lesion is well tolerated may lead to its escaping 
detection 

Histological evidence has been of little value m 
elucidating the problem, chiefly because authorities 
disagree in regard to the criteria of what constitutes 
evidence of old rheumatic affection 
The only conclusion warranted by the evidence 
available is that some patients with calcified aortic 
valve have, in addition, rheumatic lesions in the 
mitral valve, that in many cases of calcified aortic 
valve, without mitral valve disease, there is a historv 
of acute rheumatism, and that those patients without 
mitral disease or a history of acute rheumatism, have 
lesions m the aortic valve that are indistinguishable 
from those m the other two groups 

Clinical Symptoms 

Age and sex In general the disease is one of 
men past middle life (Fothergill, 1 879) The average 
age vanes in different senes from 52 years (Con 
trntto and Levine, 1937) to 60 years (Fnedwald and 
Ewing, 1938) The youngest case on record was a 
boy of 12 (Gautier, 1860) 

The predominance of males is very striking 
With the exception of Margohs et a) (1931), m 
whose senes only 21 per cent were males, most 
senes show a male incidence of over 80 per cent 
This feature of the disease is difficult to explain 
The suggestion that the more arduous physical life 
of the male, subjects the aortic cusps to greater 
trauma is not convincing It seems more likely that 
the explanation lies m a difference in the natural 
history of acute rheumatism in the sexes 
Simptoms Trousseau (1870) commented on the 
disparity between the mildness of symptoms and 
the seventy of this lesion as demonstrated at autopsy 
In this present senes 3 of the 14 patients had no 
symptoms referable to the cardiovascular system 
Dyspnoea This was the commonest symptom, 
occurring in 11 of the 14 cases, 2 (Cases 4 and 7) 
complained of dyspnoea at rest, the others only on 
exertion None complained of nocturnal parox- 
ysmal dyspnoea, which is remarkable in view of the 
burden throwm on the left ventricle by calcified 
aortic valve 

It is remarkable that the lesion may be of long 
duration and associated with gross cardiac enlarge 
ment without producing dyspnoea This may 
possibly be explained by the slow development of the 
so-called ‘ compensatory hypertrophy of the left 
ventricle over a long period 

4„gma pectoris The occurrence or angina was 
recorded in 1706 by Cowper whose patient com- 
plained of pain about the heart’ and by 
Morgagni (1769) The discomfort experienced is 
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often atypical, conforming rather to the true 
etvmology of the word se\eral of the patients 
(Cases 10, 11, and 13) denied retrosternal pain but 
complained of a choking sensation on exertion 
One man (Case 3) complained of a ‘ heavy ’ pain 
below the left nipple which was significantly related 
to exertion In Cabot s senes (1926), only 3 of the 
9 patients with angina had typical distribution of 
pain Levine (1945) also noted that the pain was 
often atypical, and that the history was elicited only 
by careful questioning 

Eight out of 14 patients in the present series 
(57 per cent) complained of anginal s> mptoms The 
incidence of angina in other series vanes from 
7 per cent (Grant, 1933) to 60 per cent (Fnedberg 
and Soh\al, 1939) Case 4 had an attack clinically 
and cardiographically indistinguishable from coro- 
nary thrombosis, she did not die in hospital and 
no autopsy was obtained Boas (1935) reports a 
patient with typical symptoms and electrocardio- 
gram of coronary thrombosis, whose coronary 
artenes at autopsy were healthy, he suggests that 
the onset of left ventricular failure may simulate 
coronary thrombosis, as a result of a sudden fall in 
cardiac output, with reduced coronary flow 

The mechanism of angina of effort in this disease 
is not clear There is rarely associated disease of 
the coronary artenes or their ostia (Boas, 1935, 
Reich, 1940, Contratto and Levine, 1937), nor can 
the occurrence of angina be related to aortic re- 
gurgitation Although 3 of the 8 cases with angina 
had aortic diastolic murmurs, none had the peri- 
pheral manifestations of aortic regurgitation 

Fnedberg and Sohval (1939) suggested that 
angina was due to the very high intraventricular 
pressure, which develops in systole with intense 
contraction of the ventricle, compressing the 
coronary vessels in a manner comparable to the 
blanching of the clenched fist Levine (1945) made 
the ingenious suggestion that angina was due to the 
forcible ejection of blood into the aorta in systole, 
causing a suction action and leading to coronary 
eniph mg But whatever the mechanism of angina 
may be in this condition, there is no doubt that 
calcified aortic valve is the valvular lesion above all 
others associated with that symptom, if luetic 
aortitis, which is not primarily a disease of the 
valve, be excluded 

Dizziness and syncope Cowper s patient ( 1 706) 
complained of great faintness ’ and this appears 
to be one of the commonest and most disabling 
M^n t0mS ° f ca,cified aortic \alve Contratto 
(1940) states that ‘ dizziness and syncope help to 
distinguish aortic stenosis from mitral stenosis and 
aortic incompetence, in which these symptoms are 
very rare 


In the present senes 5 patients complained of 
disturbances of consciousness varying from a 
transient loss of attention to complete loss of 
consciousness lasting for some minutes Loss of 
consciousness was not accompanied by an aura, 
convulsions, or incontinence, and recovery' was 
complete immediately, without disturbance of 
memory, speech, or motor power, and without 
panesthesiffi or headache Marvin and Sullivan 
(1935) and Scherf (1938), on the other hand, state 
that the attacks are sometimes epileptiform m 
character 

In some of our cases the attacks were related to 
exertion (Cases 1, 2, 9, and 1 1), a fact observed by 
Fothcrgill in 1879, but in others they occurred when 
the patient was at rest (Cases 10 and 13) Marvin 
and Sullivan (1935) related the syncopal attacks to 
exertion in all their 11 cases except 1, in whom the 
attack was post-prandial 

Mechanisms of disturbances of consciousness It 
seems indisputable that the ultimate cause of loss of 
consciousness is cerebral anaemia, but the mechanism 
is obscure Smith (1931) attributed it to insufficient 
left ventricular output in exertion, through a narrow 
aortic orifice But in some cases syncope occurs 
at rest, and the occurrence of syncope is very 
variable, the amount of exertion which produces 
syncope one day having no effect on another 

There is no evidence that Stokes-Adams attacks 
are responsible for syncope, as the electrocardiogram 
between attacks shows evidence of heart block 
(2 1) in one case only (Case II) this patient 

suffered from giddiness only and did not lose 
consciousness Marvin and Sullivan (1935) induced 
an attack of syncope by exertion in one of their 
patients, and took continuous cardiographic tracings 
At the onset of unconsciousness the heart rate was 
slow (50 a minute) and regular, the tracing showed 
nodal rhythm and marked depression of the origin 
of T II A few seconds later ventricular premature 
beats appeared followed by simple paroxysmal 
tachycardia at a rate of 200 a minute There were 
frequent changes in the position of the pacemaker 
after the subsidence of tachycardia They con- 
cluded that loss of consciousness was due either to 
carotid sinus hypersensitivity, as described by Baker 
and Weiss (1935), or to diminished coronary flow 
during exertion, with a cardiac output so low as to 
induce unconsciousness Carotid sinus hvper- 
sensitivity seems an improbable explanation Con- 
tratto and Levine (1937) found that carotid sinus 
compression produced no effect in 19 patients with 
calcified aortic valve, who complained of disturbance 
of consciousness, and that observation has been 
borne out m the present senes (Cases 10, 11, and 13) 
The most acceptable explanation so far put forward 
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is the occurrence of reduced coronary circulation 
with a marked reduction in cardiac output 

Mental changes One patient (Case 10) com- 
plained of loss of memory and concentration suffi- 
cient to interfere with his normal activities 

Physical Stgns 

Blood pressure The systolic blood pressure in 
the present series ranged from 100 to 200 mm 
the diastolic from 80 to 115 mm Hg This bears 
out the findings of Contratto and Levine (1937) 

The pulse and pulse pressure Lewis ( 1 934) states 
“The outstanding feature of aortic stenosis is a 
small pulse, rising slowly to a delayed summit 
the condition should never be diagnosed without 
this sign ” Such a view is no longer tenable 
McGinn and White (1934) found a plateau pulse m 
only 9 of their 236 cases In the present series the 
pulse was thought to be characteristically anacrotic 
in 4 patients only (Cases 7, 10, 11, and 13) in whom 
the blood pressures were 130/100, 150/115, 120/90, 
and 100/80 mm Hg respectively In 3 others 
(Cases 1, 2, and 4) m whom the pulse pressure 
was 30 mm or less, the pulse was thought 
not to be anacrotic Pulse wave tracings, which 
might have been of value, were not obtained In 
the present scries the pulse pressure ranged from 
30 to 115 mm, the average being approximately 
40 mm The pulse pressure presumably depends 
on the relative degrees of stenosis and regurgitation, 
and on the presence or absence of associated 
hypertension 

Heart size Levine (1945) states that the heaviest 
hearts are those with aortic stenosis, although the 
largest silhouettes on X-ray examination are those 
with mitral stenosis Christian (1931) found gross 
clinical cardiac enlargement in all his cases of 
calcified aortic valve, the average weight at autopsy 
being 680 g Most authors agree, with the excep- 
tion of Scherf (1938), who states that “ cardiac 
enlargement does not occur until the lesion has been 
present for years, often several decades,” and 
Cabot (1926) who found that the heart may be small, 
moderate, or large 

In the present senes there was considerable enlarge- 
ment of the heart in 8 of the 14 cases, slight 
enlargement in 3, and none in the 3 others In 8 
cases the enlargement could be found on clinical 
examination 

Thrill Nine of the 14 cases had a basal systolic 
thrill Reported cases show great variation in the 
frequency of thrills in calcified aortic valve Thus 
Christian (1931) regarded the thrill as an essential 
criterion, whereas m McGinn and White’s series of 
123 cases proved at autopsy, 25 per cent had a basal 
systolic thrill recorded At the other extreme 


Gibbs (1935) found a systolic thrill recorded in 
only 1 of 27 cases It is apparent that the presence 
of a thrill depends on the intensity of the vibration 
in the heart, and on the distance of the palpating 
hand from the source, which may be increased bj a 
thick chest wall or by the presence of emphysema 
The low incidence of thrill in some of the senes 
discussed from the viewpoint of pathology, such as 
that of Gibbs (1935), may be due to poor clinical 
records 

The heart sounds Sy stohe murmur Typicalh 
there is a loud systolic murmur, loudest at the base, 
which is conducted to the root of the neck, more on 
the right than on the left, and sometimes to the 
cardiac apex In this senes the murmur was harsh 
and was propagated to the neck in all cases in onl) 
8 cases was it audible over the whole pnecordium. 
In the series of McGinn and White (1934), all 113 
cases had basal systolic murmurs, but the authors 
point out that in some of the cases which came to 
autopsy a harsh systolic murmur audible over the 
whole pnecordium had, before death, been attnbuted 
to mitral waive disease Cabot (1926) found that 
in 4 of his 28 cases, the systolic murmur was audible 
only at the apex 

The murmur is not charactenstic (Scherf, 1938), 
for a similar murmur may be heard m aortic in- 
competence and m luetic aortitis Nor is its 
propagation significant, for this depends on the 
intensity of the murmur (Contratto and Lewne, 
1937) 

Diastolic murmur Lewis (1934) requires an 
aortic diastolic murmur as well as an anacrotic 
pulse for the diagnosis of aortic stenosis, but that 
view is no longer held In the present senes an 
aortic diastolic murmur was heard m 6 out of 14 
cases (42 per cent), and this inconstancy of the 
diastolic murmur is borne out in other senes 
Thus McGinn and White (1934) found diastolic 
murmurs m 53 per cent of cases, Contratto (1940) 
in 50 per cent, Cabot (1926) in 57 per cent, and Dry 
and Willius (1939) m 33 per cent 

Aortic second sound On theoretical grounds, it 
seems unlikely that calcified aortic valve cusps 
could close with sufficient vigour to produce a second 
aortic sound In the present senes the second 
sound was inaudible in 1 1 cases and audible in 3 
(Cases 5, 13, and 14), m whom it was of normal 
intensity Contratto and Lewne (1937) suggest that 
the audible second sound is really a pulmonaiy 
second sound Scherf (1938) regards a weak or 
absent second aortic sound as helpful in distinguish- 
ing the murmur of calcified aortic vahe from that of 
luetic aortitis and atheroma of the aorta, in which 
the sound is normal or accentuated It ma> be 
said that whereas the absence of the aortic second 
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Fig 1 — Case 1 Teleradiograph showing normal heart 
size and roundmg of left cardiac contour, indicating 
left ventricular hypertrophy 


2 — Oblique radiograph of the heart in the cadaver 
A represents the shadow of a lead strip in the 
aortic valve area 

B represents the shadow of a lead strip in the 
mitral valve area 


sound favours the diagnosis, its presence does not 
exclude it 

Eudence of congestne cardiac failure In the 
present series one patient only (Case 7) presented 
with signs of congestive heart failure Other 
authors have found the incidence much higher, 
for example, 26 of Cabot’s 28 cases presented with 
oedema 

Disturbances of conduction There have been 
many reports of disturbances of conduction in this 
condition Cowper’s case (1706) had ‘ an inter- 
mission of one stroke m three of the pulse,” and 
Parkes-Weber (1897) and Allbutt (1898) described 
cases with heart block There have been numerous 
electrocardiographic reports and an extensive 
survey by Dry and Willius (1939) The electro- 
cardiogram is frequently normal The abnormali- 
ties commonly found are left axis shift, T wave 
inversion, A-V block which may vary m degree in 
the same patient (Boas, 1935), bundle branch block, 
smaller degrees of intraventricular block, and, very 


rarely, auricular fibrillation (Contratto and Levine, 
1937) 

Heart block has been attributed to invasion of the 
conducting tissue by an extension of calcification 
from the valve (Boas, 1935 and East, 1932) This 
may be so in some cases, but it would not account 
for intraventricular disturbances, nor for vanable 
disturbances Diminished coronary flow is prob- 
ably the causative factor in most cases 

Radiological Comment 

Postero-antenor X-rays of the chest in an ‘ early ” 
case of calcified aortic valve show no evidence of 
cardiac enlargement the only change observed is 
“ rounding ” of the left lower border of the heart, 
indicating left ventricular hypertrophy (Fig 1) The 
aortic shadow is normal, but a slowly expanding 
pulsation of the aorta may be seen on the fluorescent 
screen In the later stages of the disease, left 
ventricular enlargement becomes obvious, with 
increased transverse diameter of the heart 
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Fig 3 Oblique tomogram of the heart demonstrating 
the shadows of calcified mitral and aortic valve 
The mitral shadow is projected below the aortic 
one 


Fig 4— Case 1 Oblique tomogram of the heart 
demonstrating the shadow of a calcified aortic 
valve 


Radiological demonstration of the calcified aortic 
valve is essential for accurate diagnosis The two 
methods m common use are fluorescent screen 
examination and localized overpenetrating X-rays 
of the heart in oblique positions Intracardiac 
calcification was demonstrated radiological!/ for 
the first time by Klason (1931), who diagnosed a 
calcified annulus fibrosus on the fluorescent screen 
but he failed to reproduce it on an X-ray film 
Saul (1932) was the first to succeed in obtaining a 
permanent record of a similar case Sosman and 
Wosika (1933) reported 12 cases of calcified aortic 
valve, and 13 cases of calcified mitral valve, in 
which they had observed the intracardiac calcification 
on the fluorescent screen In their paper a number 
of important technical points are stressed, among 
them the need for adequate dark adaptation prior 
to screening, the use of minimum screen aperture, 
and examination in the oblique positions Many 
workers have reported successful application of the 
technique described by Sosman and Wosika (Parade 


and Kuhfman, 1933 Bishop and Roesfer 1934 
Sparks and Evans, 1934 Sundberg, 1941, and 
Odquist, 1944) 

In the present series demonstration of calcified 
valves by screen examination or overpenetrating 
radiographs was not possible in all cases An 
attempt was therefore made to show the valves b> 
tomography 

Tomography was carried out with the patient 
lying supine in the left posterior oblique position 
the tube was centred 10 cm below the suprasternal 
notch in the midline Three or four horizontal 
“ sections were taken at 1 cm intervals above and 
below an arbitrary plane which experience has 
shown should be 13 to 14 cm above the table top 
some of these X-rays inevitably include both aortic 
and mitral valve areas 

The anatomical position of the aortic and mitral 
valves in X-rays taken in the left posterior oblique 
position was first ascertained in the cadaver, afier 
lead strips had been placed at the level of the aortic 
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and mitral cusps of a normal human heart (Fie 21 
Le-Wald (1916) used a similar method to demon 
s rate the position of the heart valves relative to thf 
anterior thoracic wall 

Analvsmg the shadows cast by calcified hear 
vaKes in such tomograms, it is seen that the aortic 

thl n Pr0jected beIow and dorsal to the level oi 
the pulmonary conus the mitral valve lies below the 
aortic and roughly in the same plane (Fig 3) 


Slight variations in position are common, depending 
on the size of the heart and associated \alvular 
lesions Sosman (1934) has discussed these \ana- 
tions extensively, the findings in the present senes 
are similar If the aortic valve is heavily calcified a 
clearly defined shadow giving the appearance of a 
ring is seen (Fig 4 and 5) In other cases more 
vaguely outlined shadows are found m the valve area 
(Fig 6 and 7) 
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Fig 6 — Case 11 Oblique tomogram of the heart 
demonstrating calcification of the aortic valve 



Fto 7 — Case 2 Oblique tomogram of the heart 
demonstratingcalcification of the aortic val\e Two 
separate areas of calcification can be seen 


In 6 of the cases reported here, calcification of time of diagnosis I f disco\ ered in a fairly voting 
the aortic valve could be seen clearly on the fluore- person without symptoms, the prognosis is good, 
scent screen in 3 there was a doubtful shadow that the average age at death being 52 (Contralto 1940) 
could not be identified with certainty in the other If, however, the patient is first seen with symptoms 
5 cases screening faded to show any evidence of the prognosis is poor, the average expectation of 
calcified valves In only 4 cases was reproduction life m the presence of congestive cardiac failure 
of the calcified shadow on an overpenetrating being 9 months (Contralto, 1940) of dyspnoea, 
oblique X-ray possible Tomography showed the 23 months, and of syncope, 9 months (Contratto 
lesion m all 14 cases and Levine, 1937) 

It appears, therefore, that tomography is the best In the present senes 4 out of 14 are known to be 
method at present available for demonstrating and dead Case 2 died within 6 months of the first 
recording intracardiac calcification attack of syncope, and within 18 months of the 

onset of angina at the age of 62 Case 4 died at the 
age of 58, having been known to have a heart mur- 
Proonosis mur f or jg years, and with 5 years histon of 

Allbutt (1898) states ‘Aortic stenosis is a long dyspnoea, and 3 years history of angina Case 6 
disease, for life may continue under favourable died at the age of 60, after one year s mild angina 
circumstances until the aperture is reduced to the and dyspnoea he had had acute rheumatism 40 
size of a crow-quill or Jess ” That point of view years previously Case 7 died aged 35, after 
still holds today (Scherf, 1938) 6 months dyspncea of effort, and oedema of the 

The prognosis vanes with the age of the patient, ankles for two days 
and the presence or absence of symptoms at the Causes of death A certain number of cases die 
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from causes not connected with the cardiovascular 
system (as many as 40 per cent in the senes of 
Reich, 1945) 

Congestne cardiac failure Congestive cardiac 
failure is the commonest cause of death it is 
responsible for about 35 per cent of deaths in the 
senes reported by Grant (1933), by Reich (1945) and 
by Contratto and Levine (1937) In contrast to 
mitral stenosis, where the patient mav survive 
several attacks of congestive failure, a patient with 
failure due to calcified aortic valve rarely recovers 
(Contratto, 1940) One patient (Case 7) in the 
present senes died of congestive failure after a very 
short illness 

Sudden death After congestive cardiac failure, 
sudden, unexpected death is the commonest termina- 
tion It is of interest that the first case recorded 
(Bonet, 1697) desenbes sudden death in a Parisian 
tailor who was apparently in excellent health 
Many other similar cases have been reported 
(Lloyd, 1846, Gautier, 1840 Trousseau, 1870 
Wilks and Moxon, 1898, Grant, 1933, Lutcm- 
bacher, 1921) The incidence of sudden death is 
vanably estimated, the average figure being about 
18 per cent, although in some series it is very much 
lower (Campbell and Shackle, 1933), and in others 
very much higher, as in the selected material of 
Marvin and Sullivan (1935) In the present senes 
of the four patients who have died in a two year 
follow-up, three died suddenly 

The features and cause of sudden death have been 
carefully studied by Marvin and Sullivan (1935) 
They find that death occurs in seconds rather than 
m minutes, resembling death from coronary throm- 
bosis but no disease of the coronary artenes is 
usually found at autopsy Nor is the sudden death 
related to the degree of aortic stenosis They 
suggest a relation to heart size, pointing out the 
relative ease with which ventncular fibrillation is 
induced m large hearts The relation between 
syncopal attacks and sudden death is not constant, 
but is sufficiently frequent to suggest that both are 


due to a sudden reduction m coronary blood flow 
with low cardiac output Dc Veers suggestion 
(1938) that sudden death may be due to ‘ locking 
of the cusps with complete occlusion of the aortic 
orifice ” is quite unconvincing 

But, whatever the mechanism, sudden death is a 
frequent event in cases of calcified aortic valve, 
even though they arc symptom-free, and therefore 
necessitates a guarded prognosis 

Other causes of death A few patients have died 
of superadded subacute bacterial endocarditis 
(Contratto and Levine, 1937) and a few of coronary 
thrombosis (Boas, 1935) 

Suviviarv 

The clinical and radiological features of 14 cases 
of calcified aortic valve arc described, with a method 
of demonstrating the valves by cardiac tomographv 
Twelve of the 14 cases were men, 2 were women 
Their ages ranged from 27 to 71 years, the average 
being about 50 years Four gave a historv of acute 
rheumatism in the past 

The symptoms complained of were dvspnoea, 
angina, syncope, oedema, and loss of memory, in 
that order of frequenev Four patients had no 
cardiovascular symptoms 
The only constant physical finding was a basal 
systolic murmur propagated to the root of the neck, 
other findings were absence of the second aortic 
sound (11 cases), an aortic systolic thrill (9 cases), 
an aortic diastolic murmur (6 cases), cardiac enlarge- 
ment (8 cases), and low pulse pressure (7 cases) 

The electrocardiograms or 3 of the patients were 
normal 1 1 showed left axis deviation, and of these 
one showed left bundle branch block, one 2 1 A-V 

block, and one anterior coronary insufficiency 
Four of the 14 patients are known to be dead in 
a two-year follow up three died suddenly and one 
in congestive cardiac failure 
Tomography was found to be a more successful 
method of demonstrating calcified valves than screen 
examination or overpenetrating oblique X-ravs 
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It is the object of this paper to investigate the 
modifications of the electrocardiographic pattern 
of cardiac infarction caused b> the simultaneous 
presence of right bundle branch block, and to 
describe the cardiographic signs on which the 
diagnosis of infarction can be made in the presence 
of right branch block The cardiogram of right 
branch block shows added changes characteristic 
of infarction, it differs in this respect from that of 
left branch block which often masks the evidence of 
infarction 

An analysis of tracings taken from patients with 
right bundle branch block but without infarction 
will be necessary for the study of cardiograms 
showing the combined lesion and will, therefore, 
precede it All cases under review have the cardio- 
graphic pattern of the common variety of right 
branch block, cases of classical right branch block, 
characterized by a predominantly downward directed 
main deflection in lead I, a conspicuous R in lead II, 
and a tall R m lead III, with T waves in the opposite 
direction of the main deflection, were not included 
because of their rarity A senes of twenty-three 
patients were observed personally, the majonty 
were seen in pnvate practice, and their tracings 
were taken with a Siemens electrocardiograph, 
seven patients were seen at the Out-Patient Depart- 
ment of the National Heart Hospital, under Dr 


William Evans A search was made for reported 
cases to bring the total number of records up to 72 

Right Bundle Branch Block in Healths 
Subjects 

Right bundle branch block is not rare in healthy 
subjects and was found 7 times when 1445 healthy 
persons were examined by Wood, Jcflcrs and 
Wolferth (1935) The present analysis is based on 
20 cases (sec Fig 1 and Table, Cases 1-20) In 
7 cases Q deflections were shown in lead I they 
were less frequent and never large in lead II The 
upstroke of the main deflection and the beginning of 
the dovvnstrokc were slender and steep as in normal 
curves The R-T segment showed no significant 
depression or elevation except for a gradual rise if 
the following T was high and set close to the QRS 
complex The T waves were upright in leads I 
and II in all cases The chest lead cardiogram of 
right branch block, made familiar through the work 
of Wilson and his collaborators (1934, 1944), was 
examined in 14 cases, and it included leads from 
the right pnecordial area in 11 Lead CR1 or VI 
showed a bifid QRS complex, with two peaks above 
the isoelectric line, in some records the initial peak 
was of low voltage (see Fig ID), there were no 
Q waves, the R-T segment was either level with the 


TABLE OF CASES 


No Reference 

1 Own case 

2 Own case 

3 Own case 

4 Own case 

5 Own case 

f> Own case 

7 Own case 

8 Own case 

9 Wilson et al (1934), Fig I 

10 Wilson et al (1934), Fig 2 

11 Wilson ei al (1934) Fig 3 

12 von Deesten el of (1934), Fig 1 


Clinical Diagnosis 
Healthy subject 

Retinal arteriosclerosis, normal heart 

Healthy subject 

Bronchitis 

Bronchitis 

Healthy subject 

Healthy subject 

Paget’s disease 

Cancer of prostate 

Pleural effdsion 

Arthritis 

Dyspepsia 
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No 


Reference 


10 

12 

15A 


1 


13 \on Deesten et al (1934), Fig 2 

14 von Deesten et al (1934), Fig 3 

15 von Deesten et al (1934), Fig 4 

16 von Deesten et al (1934), Fig 5 

17 Wood et a! (1935), Fig 1 

18 Wilson et al (1944), Fig 11 

19 Wolferth et a I (1947), Fig 1 

20 Goldberger (1947), Fig 62 

21 Own case 

22 Own case 

23 Own case 

24 Own case 

25 Own case 

26 Own case 

27 Stenstrdm (1927), Fig 24 

28 Wood eta! (1935), Fig 2 

29 Evans et a I (1937), Fig 4 

30 Evans et al (1937), Fig 5 

31 Evans et al (1937), Fig 7 

32 Evans et al (1937), Fig 8 

33 Evans et al (1937), Fig 9B 

34 Evans et al (1937), Fig 

35 Evans eta! (1937), Fig 

36 Evans et al (1937), Fig 

37 Yater (1938), Fig 1 

38 Conneau et al (1938), Fig 

39 Katz (1941), Fig 389 

40 Wolferth et al (1947), Fig 2 

41 Wolferth et al (1947), Fig 3 

42 Own case 

43 Own case 

44 Own case 

45 Own case 

46 Own case 

47 Levme (1929), Fig 58 

48 Appelbaum et al (1934), Fig 28 

49 Master et al (1938), Fig 2 

50 Master et al (1938), Fig 7A 

51 Master et a! (1938), Fig 8 

52 Katz (1941). Fig 386C 

53 Wilson et al (1944), Fig 29 

54 Wilson et al (1944), Fig 37 

55 Wilson et al (1944), Fig 38 

56 Goldberger (1947), Fig 79A 

57 Carlotti (1947), Fig 8A 

58 Curtis Bain et al (1947), Fig 

59 Curtis Bain et al (1947), Fig 

60 Souli 6 et al (1948), Fig 7 

61 Own case 

62 Own case 

63 Own case 

64 Own case 

65 Levine (1929), Fig 9 

66 Levine (1929), Fig 58 

67 Evans et al (1937), Fig 1 

68 Master ef al 0938), Fig 

69 Master et al (1944). Fig IB 

70 Wilson et al (1944), Fig 39 
?5 Wolferth et al (1947), F,g 4 
72 Carlotti (1947), Fig 8B 


17A 

17B 


TABLE OF CASES — continued 

Clinical Diagnosis 
Extrasystoles 
Healthy subject 
Healthy subject 
Healthy subject 
Healthy subject 
Ulcerative colitis 
Healthy subject 
Healthy subject 
Hypertension 
Aortic stenosis 

Hypertension, cerebral haemorrhage, urairua 

Stokes Adams syndrome and partial block 

Aortic stenosis 

Hypertensive heart failure 

Heart failure 

Ventricular septal defect 

Congenital heart disease 

Mitral stenosis, fibrillation, hypertension 

Fibrillation 

Hypertensive heart failure 
Heart failure 
Hypertension 
Aortic stenosis 
Heart failure 
Mitral disease 
Rheumatic fever 
Hypertension 
Angina of effort 
Stokes Adams syndrome 
Recent cardiac infarction 
Cardiac infarction 2 years ago 
Cardiac infarction 2 months ago 
Cardiac infarction 8 years ago 
Cardiac infarction 5 years ago 
Recent cardiac infarction 
Cardiac infarction 
Recent cardiac infarction 
Recent cardiac infarction 
Recent cardiac infarction. 

Recent cardiac infarction. 

Recent cardiac infarction 
Recent cardiac infarction 
Recent cardiac infarction 
Recent cardiac infarction 
Recent cardiac infarction 
Recent cardiac infarction 
Recent cardiac infarction 
Recent cardiac infarction. 

Cardiac infarction 9 months ago 
Cardiac infarction some months ago 
Cardiac infarction some months ago 
Cardiac infarction 3 weeks ago 
Recent cardiac infarction 
Recent cardiac infarction 
C)Jd cardiac infarction 
Old cardiac infarction 
Recent cardiac infarction 
Recent cardiac infarction 
Old cardiac infarction 
Recent cardiac infarction 
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' D 

Fig 1 —Right bundle branch block in healthy subjects (A) Case 3 (B) Case 7 (C) Case 1 

(D) Case 8 


* 


isoelectric line up to the beginning of the T wa\e, 
or it started slightly below this line to merge almost 
immediately into the descending limb of the T wave, 
the T wave was inverted in all cases except one 
(Fig 1C) In left praecordial leads small Q deflec- 
tions were frequent, an S wave was shown in all 
records and T was upright As right branch block 
caused T inversion in right pracordial leads, so it 
tended to increase the voltage of T in left pra- 
cordial leads 

Right Bundle Branch Block with Heart Disease 

OTHER THAN CARDIAC INE ARCTION 

This group consisted of 21 cases (see Table, 
Cases 21-41) In the limb leads Q I and Q II 
appeared with the same frequency as in the previous 
group, the upstroke of R and the beginning of the 
downstroke of S had generally the same character- 
istics as those described for healthy subjects, but 


there were 2 cases in this group with a QRS complex 
of low voltage In left \entncular hypertroph\ 
from hypertension or aortic valvular disease (Fig 2 
and 3), the R-T segment often showed depression 
and a downward slant in lead I, or I and II, the T 
waves were upright in leads I and II in all cases, 
though occasionally of low amplitude Left ven- 
tricular preponderance never caused T inversion in 
right bundle branch block, T inversion shown in 
normal intraventricular conduction in lead I from 
left ventricular preponderance w as abolished w ith the 
onset of right branch block (Fig 2, B and C), and 
the amplitude of T waves low m normal conduction 
was increased in block Chest leads were taken m 
1 1 cases of this group, and included right pracordial 
leads m 7 In lead CR1 or VI, a small Q deflection 
was recorded once (Fig 2A), the QRS complex 
showed the bifid R already desen bed, and the T 
wave remained inverted In records from patients 
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Fig 2 Right bundle branch block and left ventricular pre 
ponderance m patients with aortic stenosis (A) Case 21 
(Bj Case 24 (C) Case 24 in normal intraventricular condtic 

tion 



Fjo 3 Right bundle branch block and left ventricular 

preponderance in patients with severe hypertension 
(A) Case 23 (B) Case 26 


with left ventricular hypertrophy, nght pnecordial 
leads showed the same type of slanting R-T segment 
as did lead I, and the T wave was upright m some 
cases (Fig 2A and 3B) In apical leads and m 
leads from the left lateral chest wall, Q deflections 
were seen in 4 cases, and the deep S of nght branch 
block was present in every tracing In records with 
left ventricular preponderance, the R-T segment 
returned to the isoelectnc line, or was even raised 
above it, as the leads were moved to the left of the 
chest (Fig 2 and 3) The T wave remained upright 
in all left prtecordial positions even as far left as 
V7 None of the patients with left ventricular 
preponderance were under digitalis treatment 

Right Bundle Branch Block in Cardiac 
Infarction 

Nineteen cases of antenor infarction were collected 
(see Table, Cases 42-60) In the limb leads Q 
deflections m leads I and II were neither more 
frequent nor more conspicuous than m the previous 
tw'O groups A low voltage QRS comp lex was seen 
eight times, similar low voltage deflections were 
also recorded with heart disease other than infarc- 
tion, four cardiograms showed a QRS complex of 
low voltage and w-shapc The R-T segment in 
lead 1 was of coronary type showing elevation and 
bowing, in 3 patients, in 8 other cases the R-T 
segment was elevated in lead I or II, but without 
bowing, and it was often followed by an upright 
T wave of normal appearance (Fig 4, A and B), this 





Fig 4 — Right bundle branch block and anterior cardiac infarction (A) Case 42 
(on day of infarction) (B) Case 42 (7 dajs later) (C) Case 43 (D) Case 

44 (E) Case 46 
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form was presumably due to the tendency of the 
T wave to remain upright in right branch block, and 
so to prevent the development of typical “coro- 
nary” changes In contrast to the previous two 
groups, T inversion was a frequent finding in the 
later stages of infarction, it occurred in lead I in 7 
and in lead II in 5 out of 19 cases (Fig 4, C and D) 
A number of extrasystoles were seen and examined, 
but they showed no modifications indicating 
infarction 

Chest leads were taken m 17 of the 19 cases, and 
included right pnecordial leads in 11 Lead CR1 
or VI indicated the lesion in 9 out of 11 cases in 
which this lead was taken, by showing a Q deflection 
followed by a late R with a single peak, recent cases 
also showed coronary R-T changes Involvement 
of this lead seemed to occur more often in right 
branch block than in normal conduction and to be 
characteristic of the block, it was not due to a 
greater frequency of septal infarcts in records with 
bundle branch block as there was one patient 
(Case 54) whose cardiogram after infarction showed 
a characteristic Q in lead VI, only in block and not 
at other times, m normal conduction The Q 
deflection or R-T changes of infarction extended 
to the apical lead in 5 patients, but were confined to 
nght prsecordial leads in 3 (Fig 4E), m such cases 
it was important to be certain of the absence of a 
small initial R wave (compare Fig ID and 4E) 
Lead VI remained unaffected m two records in one 
the lesion was shown in the apical lead (Case 60), 
and in the other in a lead from the left lateral chest 
wall (Case 57) Six pnecordial cardiograms did 
not include lead CRI or VI , in five, changes of in- 
farction appeared in the apical lead (Fig 4, A to Q, 
and in one in lead CR7 (Fig 4D) 

There were 12 cardiograms in this senes showing 
postenor wall infarction (see Table, Cases 61-72) 
With the exception of one case of old infarction 
(Case 71), all tracings exhibited large and significant 
Q deflections in lead II (Fig 5), Q I was no more 
frequent than in any previous group, QIII and 
inversion of T III, though present in most records, 
were not significant as they also occurred in nght 
branch block without infarction T I was upnght 
m all cases, but Til was often abnormal A 
coronary type of R-T segment in lead II or HI or 
both was seen in 4 cases The chest leads analysed 
m this group included 9 records with apical leads, 
and 4 with more complete cardiograms In 3 out 
of 4 cases, T was upnght m lead CR 1 or V 1 (Fig 5 A) , 
apical leads showed Q deflections in 4 cases and 
r_T depression m recent postenor infarctions 

Discussion 

The preceding analysis has demonstrated a 


number of modifications of the electrocardiogram 
of cardiac infarction caused by the simultaneous 
presence of nght bundle branch block Soon after 
the common form of right branch block was first 
recognized in Amenca by Wilson et a! (1934) and 
m England by Evans and Turnbull (1937), the 
combination of right branch block and infarction 
was examined by several authors, and especially 
by Wilson and his collaborators For the limb 
leads, Rosenbaum et al (1944) reported the absence 
of significant Q deflections in lead I in dogs with 
experimental right branch block and anterior 
infarction This observation was confirmed for the 
human cardiogram in this study The even R-T 
elevation, without bowing and with an upnght T 
following it, desenbed here for leads I and II in 
anterior infarction with right branch block, was 
not previously discussed, although it was a frequent 
finding in various published tracings, it was also well 
shown in cardiograms of dog expenments (Rosen 
baum et al (1944), dogs 66 and 71, and Unghvdiy 
(1942)) Inversion of T in lead I and K is, of 
course, a classical sign of anterior infarction, and its 
significance m records with right branch block had 
previously been reported by Master, Dack, and 
Jaffe (1938) The modification of the T ware 
pattern noted in this study concerned the tendency of 
of T to remain upnght in all cases of nght branch 
block, and especially also in cases with associated 
left ventncular preponderance T wave changes, 
therefore, occurred at a later stage of infarction than 
in normal conduction, and the significance of T 
inversion, when present, was enhanced 
Wilson et al (1944) first desenbed the character- 
istic pnecordial cardiogram of antenor infarction, 
with a Q replacing the initial R of right branch block 
in lead VI , in the present senes, nght branch block 
caused no important modifications of the signs of 
infarction in apical leads or in leads from the left 
lateral chest wall, but lead CRI or VI indicated 
the infarct more often than would be expected in 
normal intraventricular conduction, this seemed 
independent of the septal extension of the infarcted 
area expected in many cases of branch block 
No modifications of the limb lead or precordial 
cardiogram of postenor infarction have previous!) 
been reported A number of cases here discussed 
showed upnght T waves in chest lead CRI or VI 
It is now possible to describe, with the help of the 
preceding analysis, the electrocardiographic signs 
diagnostic of infarction in the presence of nght 
bundle branch block The following signs were 
significant in the limb leads a w-shaped QRS 
complex of low voltage and a coronar) R~T segment 
with a coronary T wave in lead I, an even elevation 
of the R-T segment followed by a normal T wave 
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and, later, inversion of T in lead I or II or both 
The w-shaped QRS complex could not be accepted 
as conclusive because of the difficult) of distinguish- 
ing, in a given case, this form and anv other low volt- 
age QRS complex without the vv -shape Inversion 
of T in lead II was significant except in cases show ing 
the classical and rare form of right branch block 
it was, therefore, of no value if R m lead III was 
conspicuous and taller than R in lead II, and if R 
in lead I also was of low voltage Using these signs, 

the lesion was diagnosed in the limb leads in 16 out 
of 19 cases of anterior infarction 
This result is not in agreement with previous 
observations Wood, Jeffers, and Wolfcrth (1935) 
first reported that right branch block may mask the 
signs of infarction in the limb leads Master 
Dack, and Jaffe (1938) stated that in the presence of 
right branch block infarction could be diagnosed 
m two thirds of the cases, and that pracordial leads 
were more helpful than limb leads Stokes (1947) 
quoted this opinion and agreed with it Wilson 
et al (1944) reported that in right branch block 
signs of infarction were rare in the limb leads, but 
were usually shown in pracordial tracings, this view 
was also expressed by Goldberger (1947) and Carlotti 
(1947), Rosenbaum el al (1944) came to the same 
conclusion for dogs with experimental right branch 
block and anterior infarction The explanation for 
this difference of opinion came from a consideration 
of the criteria of infarction in the limb leads In 
the past, limb lead cardiograms have not been 
regarded as diagnostic of infarction if the classical 
signs of infarction were absent It was here shown 
that the diagnosis can often be made if the signs 
include R-T elevation or T inversion, and if the 
tracings are not expected to show significant Q 
deflections 

Diagnostic signs of infarction with conspicuous 
Q deflections and classical R-T changes were seen 
in the pracordial cardiogram of all 19 cases here 
reported, m tracings with signs of infarction in 
apical or left lateral chest leads, the limb leads 
showed the lesion as well, but right pracordial 
leads indicated infarction in 3 records in which all 
other limb and chest leads were negative, m such 
cases it was important to be certain of the absence of 
a small initial R wave in lead CR1 or VI 

The diagnosis of posterior infarction could be 
made from the presence of conspicuous Q deflec- 
tions in lead II and from coronary R-T changes in 
lead II and III in all but one case reported here, 
the pracordial cardiogram showed upright T waves 
m lead CR1 or VI in some tracings, this sign had 
no diagnostic significance as it was not seen m all 
records of posterior infarction and because it was 
also present in other conditions, especially m left 


ventricular preponderance, >ct it gave valuable help 
in the analysis of some tracings In Case 71 an 
upright T wave in lead CRI was the only abnormal- 
itv in limb and chest leads of a patient known to have 
had posterior infarction in the past, and a fiat T 
wave in a case of anterior infarction (Case 56) 
suggested an associated lesion, which was shown to 
be an old posterior infarct by the limb leads, an 
upright T in lead VI of another patient with 
anterior infarction (Case 60) was explained when 
left ventricular hypertrophy was found on necropsy 

For the purposes of clinical diagnosis, the limb 
leads furnished all essential information for the 
diagnosis of cardiac infarction in most cases, they 
also indicated left ventricular preponderance 
Chest leads CRI or VI confirmed the presence of 
right branch block and disclosed a small number of 
infarcts not shown b> any other lead The com- 
bination of limb leads with lead CRI or VI re- 
vealed all lesions recorded with more numerous 
chest leads and thus satisfied the clinical needs in 
the 31 cases of right bundle branch block and 
cardiac infarction reviewed here 

SuxiMARV AND CONCLUSION 

It was the object of this paper to inquire into the 
modifications of the electrocardiogram of cardiac 
infarction in the presence of right bundle branch 
block, and to examine the criteria necessary for the 
diagnosis of infarction The investigation con- 
sisted in an analysis of cardiograms with right 
branch block taken from healthy subjects, from 
cases with heart disease other than infarction, and 
from patients with cardiac infarction Twenty- 
three patients with right branch block came under 
personal observation and 49 reported cases were 
added Right bundle branch block is shown to 
cause certain modifications of the cardiographic 
signs of infarction In the limb leads of anterior 
infarction, significant Q deflections are absent in 
lead I, the R-T segment often assumes a charac- 
teristic shape in lead I or n, showing elevation 
without bowing, and is then followed by a T wave 
of normal appearance, when T inversion takes place 
in lead I or II, it more certainly indicates infarction 
than T inversion in normal conduction, because 
this change does not occur from left ventricular 
preponderance m right branch block In the 
pracordial cardiogram the infarct is more often 
shown in CRI or VI leads than would be expected 
in normal conduction, involvement of this lead 
appears to be independent of the septal extension 
of the infarct expected in cases of bundle branch 
block Right branch block does not change the 
classical signs of posterior infarction in the limb 
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leads, in chest leads, the T wave is upright in lead 
CR1 or VI m some cases of posterior infarction 
The diagnosis of anterior infarction can be made 
m the limb leads in many cases if the signs include 
R-T elevation or T inversion, and if the tracings are 
not expected to show significant Q deflections, 
infarction is shown by apical or left lateral chest 
leads when it is also shown by the limb leads, but 
lead CRJ or VJ occasionally registers the lesion 
when all other leads are negative The diagnosis 
of posterior infarction is made from the presence of 
conspicuous Q deflections in lead II and of coronary 
R-T changes in lead II and III The praecordial 


cardiogram may show upright T waies in lead 
CR1 or VI, although this sign has no diagnostic 
value, it is helpful in the interpretation of some 
electrocardiograms 

The limb lead cardiogram in conjunction with 
lead CR1 or VI provides the necessary information 
for the diagnosis of cardiac infarction and right 
bundle branch block 

I wish to place on record my gratitude to Dr William 
Evans for much encouragement and helpful cnticism in 
the study of cardiology and in the preparation of this 
paper 
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RIGHT VENTRICULAR STENOSIS 

(BERNHEIM S SYNDROME) 

DV 

TERENCE EAST AND CURTIS BAIN 

From the Cardiological Departments of King s College Hospital and Harrogate General Hospital 

Receded December 2 I94S 


Since this clinical state was first described b\ 
Bemheim in 1910, \ery little has appeared in the 
English language or in journals easily accessible in 
this country, or at all in recent years The recent 
paper on the subject by Russell and Zohman (1945) 
gives references many of which we cannot check 
A good deal was written in 1930 and 1931, and there 
were seven papers associated with the name of 
Mazzei and five with that of Martini We record 
these cases to draw attention to a pathological state 
that appears to explain satisfactorily certain rather 
curious cluneal phenomena 
The essential feature of the syndrome is what 
apjrears to be a clinical paradox There are con- 
spicuous features of apparent failure of the right side 
of the heart in a patient vvith a lesion affecting the 
left side The explanation for this was offered by 
Bemheim (1910), who pointed out that the septum 
of the ventricles bulged into the cavity of the right 
ventricle, and so prevented it filling Podesta (1936) 
has called it dextroventncular stenosis The pro- 
gress of the disorder has been divided into two 
stages by Mazzei (1931) In the first the infundi- 
bulum becomes dilated and so allows the flow of 
blood to be maintained despite the interference with 
the filling of the ventricle We have satisfied our- 
selves by means of casts taken of the cavity of the 
upper part of the right ventricle in two cases that 
this is so In the second phase this adjustment 
becomes inadequate and the signs of hepatic and 
jugular engorgement are seen The pulmonary cir- 
culation remams unaffected until near the end, when 
a final congestion of the lungs may appear 

Case Reports 

The clinical and post-mortem findings of our five 
cases now follow and will be discussed and compared 
with others reported 

Case 1 A labourer, aged 32, was admitted to 


hospital in January 1945 complaining of swelling of 
the legs and feet and of fatigue, but had no shortness 
of breath As a child he had attended hospital on 
account of his heart, and had not been allowed to 
play games at school Since leaving school, how- 
ever, he had been well and had lived an unrestricted 
life 

The patient was a fat, well-built man There was 
no cyanosis The veins in the neck were not 
obviously engorged, but the liver was enlarged about 
one and a half inches below the edge of the ribs 
The backs of the legs and the buttocks were swollen 
His aspect generally was somewhat pale 

The cardiac dullness extended three-quarters of an 
inch to the right of the sternum The apex beat was 
forcible and situated five and a half inches to the left 
ofthemidline in the sixth left interspace Aveiyloud 
harsh systolic murmur was best heard three inches 
from the midline in the fifth left interspace This 
murmur was accompanied by a thrill The murmur 
was conducted to the mitral and pulmonary areas and 
to the left axilla, but not particularly upwards The 
heart sounds at the apex were quite loud, while 
those at the base were faint, the pulmonary second 
sound was louder than the aortic The pulse was 
regular, of poor volume, and not anacrotic, with a 
blood pressure of 100/80 Screening of the heart 
showed that the right auricle was obviously en- 
gorged, the left ventricle was not conspicuously 
enlarged, and the pulmonary vessels were somewhat 
prominent The aorta was normal (Fig 1) 

Barium in the oesophagus showed slight engorge- 
ment of the left auricle The cardiogram showed no 
axis deviation, the rhythm was normal but the 
effect of digitalis was apparent in R-T negativity m 
all three leads (Fig 2) The diagnosis appeared to 
have lam between pulmonary stenosis, aortic 
stenosis, and patent interventricular septum The 
site of the murmur, the predominance of right 
ventricular failure, the absence of an anacrotic pulse 
145 
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Fig 1 —Case I 


Some engorgement of pulmonary veins but lungs translucent 
Right auricle full left ventricle enlarged 


and the freedom from dyspnoea, also the equivocal 
cardiogram, made one decide upon the last, par- 
ticularly m view of the presence of the lesion in 

" treatment for the congestive heart failure 
was successful Mercurial diuretics were given 
freely and he was able to go to a convalescent home 
After a month or two he returned with further 
development of failure In spite of treatment the 
anasarca gradually returned and steadily increased 
He was never orthopnceic and could lie fairly flat m 
^d A pulmonary infarct occurred, and he slowly 

de ssr srL en» 

Aulop.. _„j prr , t e hvdrothorax on both sides 

^ "« "z 

Z Zo,% engorged to dryness »«s remarked 


on at the time The heart was very large-720 1 g 
The left ventncle showed gross hypertrophy, ^ 
septum being very thick and bulging extensney 

into the right ventricle This tvas conMderaWy 
dilated, particularly in the infundibulum^ 
aortic valves were stenosed as a result o E 
fusion and subsequent calcification Th PP< 
ance was that of a bicuspid valve ^alcifica 
was extensive, and in the depths o e ^ 

cusp there seemed to be traces of a 
The interventricular septum was not Patent The 

coronary amor greatly AW* • 

high pressure in the right auricle 
passive engorgement of the liver this 

Comments The diagnosis was M*d « 
case because of the site of the munnur a 
absence of confirmatory signs of aortic 
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The freedom from embarrassment of the pulmonary 
circulation, the absence of left axis deviation in the 
electrocardiogram, and the conspicuous predomin- 
ance from the first of the results of right side failure 
made the diagnosis in favour of a patent inter- 
ventricular septum (Maladie dc Roger) for pul- 
monary stenosis did not appear to be in any vvay 
indicated 

Reflection on the findings at autopsy suggested 
that the clinical manifestations indicated Bcmhcim s 
syndrome The stenosis of the aortic valves should 
have sooner or later led to failure of the left ven- 
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be to interpret obvious physical signs, and on reflec- 
tion it is difficult to sec what might have led one to 
suppose that aortic stenosis was really the cause of 
the murmur and thrill Failure of the right ventricle 
would have been expected to develop early had the 
ventricular septum been patent 

Case 2 A woman aged 62, became more and 
more out of breath on exertion This symptom was 
first noted on hills and long walks, and later on 
climbing stairs For the last six months she had 
been breathless on any slight activity During the 



Fig 2 


Fig 3 


Fig 4 


Fig 2 — Case 1 Standard three leads, showing bigeminy and negative 
T waves, but no left axis deviation 
Fig 3 — Case 2 Standard three leads, showing left axis deviation 
Fig 4 — Case 4 Standard three leads, showing left axis deviation 


tncle, but right ventricular failure was predominant 
from the first On Bemheim’s theory the encroach- 
ment on the cavity of the right ventricle would have 
been responsible for the early state of the failure of 
the nght side The absence of engorgement and 
oedema of the lungs post-mortem was very striking 
The absence of left axis deviation agrees with some 
cases regarded as examples of Bemheim’s syndrome, 
but it seems likely that unipolar limb leads would 
have shown that the heart was vertical, and conse- 
quently the axis deviation due to left ventricular 
hy pertrophy was lacking 

The incorrect diagnosis shows how hard it may 


winter before coming into hospital she had been 
confined to bed for two months, there had been 
several attacks of bronchitis She was now rather 
breathless at rest There was slight swelling of the 
ankles, but the liver and the external jugular veins 
were not engorged The heart rate was 100, with 
the rhythm regular The pulse showed alternation 
and the wave was slightly anacrotic The blood 
pressure was 220-210/145 There was thickening of 
the brachial and retinal arteries The apex beat was 
weak and diffuse, extending five inches to the left 
of the midline, in the fifth intercostal space In the 
mitral area a presystolic gallop rhythm was audible 
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At the base , m the aortic area a rough systolic 
murmur could be heard, extending into the arteries 
of the neck No thrill was palpable The aortic 
second sound was faint, at the bases of the lungs 
were fine scattered crepitations, the skiagram 
showed that the pulmonary veins were engorged 
The cardiogram (Fig 3) showed evidence of left 
ventricular hypertrophy The diagnosis was failure 
of the left ventricle due to hypertension and slight 
aortic stenosis Failure of the right ventricle was 


to 22 from 30 a minute On the evening of the 
third day she died suddenly 
Autopsy There was gross cedema and venous 
congestion The liver was “nutmeg,” weighing 
1615 g The spleen showed severe chronic conges 
tion The heart weighed 600 g The left ventricle 
was enormously hypertrophied, the wall being about 
30 mm thick (Fig 5) The septum, which was 
20 mm thick, bulged into the cavity of the nght 
ventricle The aortic valve was stenosed, the cusps 



Fig 5 — Case 2 Transverse section of ventricles looking towards 
the base The thickened septum bulges into the nght ventricle 


developing Under treatment she improved and 
kept fairly well on leaving hospital until six months 
later, when there was a further attack of bronchitis 
This time there was rapid development of oedema 
and venous congestion The liver was three inches 
below the nbs, and there was anasarca to the waist 
The jugular veins were prominent half way up the 
neck She was rather blue, but not orthopnceic, and 
could he fairly flat A few crepitations were heard 
in the lungs, the pulmonary second sound was loud 
After three days in hospital the respiratory rate fell 


being fused and calcified A slight ndge below the 
free margin suggested a rheumatic infection in the 
past The lungs, in contrast to the liver, were free 
from engorgement, and showed hardly any oedema, 
the nght weighed 550 g (normal 500 g ), and the 
left 380 g (normal 420 g ) Microscopical section 
showed some engorgement and scattered heart 
failure cells only There was but a trace of fluid in 
the left pleural sac There was nothing to explain 
the sudden death except the aortic stenosis 

Comments This patient, developed gradual 



RIGHT VENTRICULAR STENOSIS 


149 


failure of the left \entnc!c about two years before 
her death CEdema of the ankles did not appear 
until the last six months The final failure appears 
to ha\e been precipitated b\ an attack of bronchitis 
and was marked by sc\erc \cnous congestion which 
increased rapidly in the last three weeks Although 
she was breathless on admission to hospital, this 
was soon relies ed The important point is the free- 
dom of the lungs from ccdcma and engorgement 
post-mortem It would appear likely that the bulg- 
ing of the septum into the right \cntnclc prevented 
the lungs from being overfilled although the aortic 
stenosis and hypertension affecting the left ventricle 
would have made this a hkclv finding It is true 
that it is common to find failure of the right ventricle 
following that of the left m such cases as these and 
this has always been regarded as a true back 
pressure” phenomenon In this instance it would 
seem more probable that the cause w-as different, 
otherwise the lung would have shown the usual 
intense engorgement associated with a failing left 
ventricle The course of the illness suggests that 
m the earlier phases the lungs ma> have been 
involved but that the development of the stenosis 
of the right ventricle relieved them 

Cose 3 A woman, aged 63, had complained of 
dyspnoea, gradually increasing in intensity, for the 
previous four years During the last six months 
she had had acute attacks of breathlessness at night 
and had often been orthopnceic In the last month 
the legs had become (Edematous, and since then she 
had been confined to bed Auricular fibrillation 
was present, with a heart rate of 70, for she had been 
taking Guy’s pill twice a day for two years The 
heart was greatly enlarged to the left, with a heaving 
apex beat A rough systolic murmur was heard at 
the apex The pulmonary second sound was 
abnormally loud Crepitations were heard at the 
bases of both lungs CEdema was present halfway 
up the thighs, and there was a small sacral pad 
Ascites was present, and the liver was enlarged two 
inches below the nbs The cervical veins were 
engorged 

A cardiogram showed auricular fibrillation The 
limb leads indicated right axis deviation, but the 
praicordial leads confirmed the clinical evidence of 
left ventricular hypertrophy 

It was supposed that she had previously had high 
blood pressure and was now in the later stages of 
congestive failure with auricular fibrillation She 
refused to come into hospital and deteriorated 
steadily at home, but after a month she had to be 
admitted There was now massive (Edema of the 
legs and abdominal wall, and even the hands were 
somewhat swollen There were no signs in the 


lungs and the breathing was easy she was able to 
lie quite fiat without discomfort 
The cardiogram now showed advanced right axis 
deviation with a vertical heart but the chest leads 
still indicated hvpcrtrophv of the left ventricle 



Fic 6 — Case 3 Standard leads show right axis devia- 
tion Unipolar limb leads show a vertical heart 
Unipolar chest leads show hypertrophy of the left 
ventricle 

(Fig 6) She slowly got worse, and she died a 
month later 

The clinical diagnosis of Bemheim’s syndrome 
was suggested on the finding of gross congestive 
failure in a case of predominantly left-sided disease 
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together with freedom from embarrassment of the 
pulmonary circulation The findings at autopsy 
confirmed this diagnosis 

Autopsy (Edema was present in the lower parts 
of the body There was no free fluid present in the 
pleural sacs, the lungs were well aerated throughout 
and free from oedema Venous congestion was not 
conspicuous The weight of the right lung was 
420 g (normal 500 g ), and of the left lung 390 g 
(normal 425 g ) 

Section of the lungs showed no evidence of chronic 
venous congestion On the whole congestive 
changes were mild An early bronchopneumonia 
was developing in the right lower lobe, and here 
there appeared cedema in the alveoli and congestion 
of capillaries 


myocardium showed a generalized increase m 
fibrous tissue which was evenly scattered between 
the muscle fibres These fibres themselves showed 
no degeneration but were definitely hypertrophied 
The liver was enlarged (1480 g ) and showed evidence 
of venous congestion The kidneys were slightly 
contracted and granular There was much free 
fluid present in the abdomen 

Comments The conspicuous finding was hyper 
trophy of the myocardium of the left ventncle, with 
great increase in thickness of the interventncular 
septum, which encroached upon the cant) of the 
right ventncle The conspicuous venous engorge- 
ment of the portal system was m stnlang contrast 
with the absence of engorgement in the pulmonary 
circulation 



Fig 7 — Case 3 Transverse section of the ventricles looking towards 
the base The thickened septum bulges into the right ventncle 


The heart was greatly enlarged, weighing 810 g 
The most striking feature was the concentric hyper- 
trophy of the muscle of the left ventncle The wall 
of the right ventricle was also hypertrophied, and 
the thickness of the interventncular septum was 
much increased The thickness of the nght ven- 
tncle about halfway up was 4 to 5 mm , and that of 
the left ventncle about the same level was 20 mm 
The septum was 20 to 24 mm m thickness through- 
out The cavity of the nght ventricle was en- 
croached upon by the bulge of the thickened inter- 
ventncular septum into it (Fig 7) There was no 
apparent dilatation of this chamber The internal 
capacity was therefore very considerably diminished 
The right auncle was dilated All valves were 
normaf There were also numerous areas of athero- 
matous degeneration in the coronary artenes The 


On these findings the clinical diagnosis of Bern 
heim’s syndrome would appear to be confirmed 

Case 4 A woman, aged 54, first came under 
observation in 1932 when she attended hospital for 
a mild toxic goitre This was removed and s e 
made a good recovery , 

In 1938, when she was 47, she again attende 
hospital She had had several severe paroxysms ci 
auricular fibrillation There had been a swelling^ 
the ankles and pain over the front of the chest 
signs in the heart now showed aortic stenosis 
In 1945, when she was 54, she was again admitteu 
to hospital During the past seven years she 
had attacks of fibrillation from time to time, an 
the last year or two she had had a good deal o P* 
under the sternum on walking Breathlessness 
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not been a conspicuous symptom, there nc\cr had 
been any orthopncea There was a good deal of 
swelling of the ankles and a considerable pad in the 
sacral area The \eins in the neck were considerably 
engorged and filled from below up to about four 
inches above the level of the right auricle when she 
was sitting nearly upright The liver was a good deal 
enlarged The apex beat reached the sixth space 
five inches from the midhne There was a typical 
murmur of aortic stenosis The aortic second 
sound was not audible Auricular fibrillation came 
and went There was, however, no satisfactory 
improvement in the signs of congestive heart 
failure digitalis and diuretics were ineffective 
gradually the oedema became more general and her 
condition deteriorated She was never in any way 
breathless and she gradually sank and died The 
electrocardiogram had shown auricular fibrillation, 
with left axis deviation 

It was noticeable that this patient, who had 
evidently had aortic stenosis for a good many years 
never complained of shortness of breath The final 
phase of heart failure lasted two months and was 
marked by symptoms of failure of the right ventricle, 
whereas one would have expected a phase of left 
ventricular failure 

Autopsy There was generalized anasarca, a 
few ounces of fluid were present in each pleural sac 
but the lungs were remarkably dry, but little en- 
gorged and quite free from cedema The right 
weighed 510 g (normal 500 g) and the left 390 g 
(normal 425 g) The heart weighed 540 g There 
was much engorgement of the right auricle and of 
the great veins The right ventricle was full, the 
left ventricle was greatly hypertrophied, and the 
septum was very thick and bulged prominently into 
the cavity of the right ventricle The tricuspid ring 
was slightly enlarged The aortic valves were fused, 
so that a small sht-hke opening only was left The 
valves were heavily calcified and a ridge of nodular 
calcium deposit seemed to mark a raphe where the 
commissure of the two anterior cusps might have 
been These were probably congenital bicuspid 
aortic valves which had become calcified The 
stenosis had presumably developed progressively in 
the course of the last fourteen years 

Comments In this case it is notable that the 
pulmonary circulation escaped engorgement right 
up to the end One might conclude that this was an 
example of Bemheim’s syndrome in which a ter- 
minal failure” of the right side of the heart 
occurred, without any indications of failure of the 
lett ventricle The presence of aortic stenosis would 
have led one to expect symptoms ofleft ventricular 
ailure, but in this case again it would appear that 
engorgement upon the cavity of the right ventricle 


by the bulging septum precipitated the failure of the 
right side and protected the lungs 

Case 5 A clerk, aged 58, a tall, thin man, was 
sent to hospital with severe cpistaxis He was 
found to have a blood pressure of 220/130, some 
enlargement of the left ventricle, the apex beat being 
of a powerful, thrusting character in the sixth inter- 
costal space, four and a half inches from the midhne 
The peripheral arteries were thick, and the ischamic, 
narrow retinal arterioles compressed the veins 
There was a trace of albumin in the urine There 
was no hepatic or jugular engorgement 

A month later he returned with oedema halfway 
up the shins, and distended jugular veins whose 
fullness increased on compression of the abdomen 
The heart rate was 80 the beat regular A gallop 
rhythm was audible and with this was associated a 
duplication of the apex beat, which was casilv seen 
and felt The aortic second sound was loud, but the 
pulmonary second sound was not The cardiogram 
showed left axis deviation with a ncgativcTI (Fig 4) 
He had complained of no dyspnoea at all 

In connection with the last of these indications of 
embarrassment of the pulmonary circulation it was 
noted that there were no crepitations at the bases 
of the lungs, the skiagram (Fig 8) showed no gross 
pulmonary engorgement 

After three weeks’ treatment all signs of failure 
had cleared up and the gallop rhythm had dis- 
appeared A few months later he died suddenlv at 
home 

Comment In this patient signs of congestive 
failure appeared in the systemic circulation, without 
the symptoms and pulmonary signs indicating prior 
failure of the left ventricle The skiagram was clear, 
the circulation time (dechohn) of only 28 seconds 
was but little prolonged 

For these reasons it seems correct to class this as 
an early case of Bemheim’s syndrome Although 
there was ready response to treatment at first, death 
occurred a few months later 

Types of Lesion 

The underlying lesion in all these cases was either 
hypertension or aortic stenosis These cause con- 
centric hypertrophy of the left ventricle Perusal of 
Bemheim’s original senes suggests that most of his 
patients were hypertensive, but no readings of the 
blood pressures were made The same causes were 
present in Russell's senes and those of Mazzet 
(1931), also in the senes of 9 reported by Casaffourth 
and Superviola (1936) Aortic stenosis was present 
in Olmer’s patient (1933) and in that desenbed by 
Glushien and Geer (1943) For some reason the 
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Fig 8 — Case 5 No indication of pulmonary engorgement Hypertrophy of left ventricle 


gross dilatation of the left ventricle caused by free 
aortic incompetence does not lead to right ven- 
tricular stenosis Possibly the explanation is that 
the septum does not become sufficiently thick 
Appearances in the skiagram It has been claimed 
that distension of the right auricle is a feature 
(Glushem and Geer, 1943) Two of our cases 
suggested this, but in Case 5, admittedly m an early 
stage (Fig 8), it is not present The important point 
is the absence of engorgement of the fields of the 
lungs, although there may be slight overfilling of the 
pulmonary veins We agree with other observers 
that the important triad is large left \entncle, clear 
lung fields, and full right auricle 


Post-mortem Findings 

The encroachment of the septum upon the cavity 
of the nght ventricle is very obvious when the 
ventricles are cut across at nght angles to the long 
axis of the heart, midway between the apex and the 
base This finding is likely to be missed when the 
ventncles are opened by V-shaped cuts, one down 
the outer border and the other uptvards to the 
pulmonary artery (or aorta), as is usually done 
The transverse cut should really be made first of a 
in any post-mortem examination of the heart, tn 1 
procedure might prevent the septal bulging uo m 
being overlooked, as we fancy it easily may be i 
the other procedure is followed 
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Photographs of the trans\crsely divided vcn- 
tndes arc apt to be unsatisfactory', as by the time 
the heart has been opened the relative positions of 
the walls of the ventricles is lost and plugging with 
cotton wool and fixing in formalin easily spoils the 
true shape We attempted to make a cast in two 
cases, of the upper part of the right ventricle and 
infundibulum It is almost impossible to get a 
good photograph of this but we were satisfied that 
this part, the outflow tract, remains tubular m form, 
leading up to the pulmonary artery, thus giving an 
outlet relievang the constriction below as suggested 
by Russell and Zohman (1945) and earlier bv 
Mazzei (1931) 

The Lungs 

The dryness of the lungs at autopsy, free from 
engorgement and oedema, as shown by their normal 
weight, is very striking In all four cases this was a 
notable feature This agrees, of course, with the 
relatively rapid circulation rate Other observers 
have noted (eg Bcmheim in five of his ten cases) 
infarcts m the lungs whether these are due to 
emboli or thromboses is not clear 

Cooke and White (1941) point out that m tri- 
cuspid stenosis there is conspicuous jugular engorge- 
ment with freedom from pulmonary congestion, so 
that the patient may be able to lie flat and even 
walk about with but little distress Constriction of 
the pencardial sac presents the same apparent 
paradox, as Glushien and Geer (1943) have noted 
The syndrome of Bemheim, by reason of the right 
ventricular stenosis, presents a third example of 
this curious combination of signs, it amounts, in 
fact, as Fishberg has stated (1940), to “a virtual 
tricuspid stenosis ” 


deviation There has been a good deal of comment 
on this absence of the curve of left axis deviation, 
and it has been suggested that the bulging of the 
septum of the ventricles to the right may be the cause 
of these curves by affecting the electrical axis 
(Russell Zohman, 1945) It seems to us that the 
explanation is to be found in the unipolar limb 
leads which show that the heart is actually verti- 
callv placed in the chest and so the presence of the 
hvpcrtrophv of the left ventricle cannot cause left 
axis deviation This is not an uncommon finding 
in certain cases of left ventricular hypertrophy, 
quite apart from the presence of septal displacement 
to the right We have recently noted three patients 
with aortic stenosis, two congenital in youths, and 
the third of the fibrocalcarcous acquired type in an 
elderly man who showed no left axis deviation, but 
with unipolar limb leads showing the heart to be 
vertical 

We therefore conclude that there arc no cardio- 
graphic changes peculiar to Bcmhcim’s syndrome 

Further nncstigation It seems likely that two 
lines of investigation in such cases as these will be 
fruitful It would be interesting to know what 
pressures may be revealed in the pulmonary artery 
by intracardiac catheterization Angiocardiography 
should show the peculiar shape of the cavity of the 
right ventricle 

Treatment 

In these cases the question of venesection may 
arise It would seem inadvisable to bleed in these 
circumstances, as a raised venous pressure is no 
doubt beneficial Anything that reduces the venous 
pressure might do harm, and this jrerhaps applies 
to such drugs as digitalis and cardophylm 


Other Findings 

The circulation rate In two of our patients 
(Cases 1 and 5) in which the observation was made 
the circulation rate was not grossly slowed, the arm 
to tongue time in both being 28 seconds This is 
quite unlike the result one would expect in ordinary 
congestive failure, when it should be well over 
40 seconds Similar observations were made by 
Russell and Zohman (1945) As slowing chiefly 
occurs in the pulmonary circulation, the results 
indicate the relative freedom of the lungs from 
embarrassment 

The cardiogram It will be noted that three of 
the curves in these cases of left ventricular hyper- 
trophy show the expected left axis deviation in the 
three standard limb leads In one this feature is 
absent and in another there is actually right axis 


Summary 

Right ventricular stenosis (Bemheim s syndrome) 
may be found in patients with hypertension or aortic 
stenosis 

The symptoms suggesting failure of the right 
ventricle come on early, and may be transient at 
first The pulmonary circulation remains free from 
embarrassment, and the patient is free from orthop- 
ncea, even to the end 

The clinical diagnosis is confirmed at autopsy by 
the state of the lungs and transverse section of the 
ventricles 

There are no cardiographic changes peculiar to 
the condition 


Our thanks are due to Professor Magnus for Fig 5, 
and Dr J V Wilson for Fig 7 
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Rheumatic heart disease with mitral stenosis has 
been regarded as a disease that produces symptoms 
in adolescence or early adult life, and death before 
the age of forty in the majority It is admitted that 
occasionally the first symptoms will appear at the 
time of the menopause and that if the lesion is 
accompanied by hypertension, life may be prolonged 
beyond this period (Levme, 1945) The few clinical 
observations that have been made on the subject, 
put the incidence of mitral stenosis beyond the age 
50, at from 6 to 10 per cent (Coombs, 1924, Brenner, 
1934, Hedley, 1940) (see Table I) Levine and 

TABLE I 

Mitral Stenosis (or Rheumatic Heart Disease) 
(Proportion of cases over 50 years of age) 


of mitral stenosis in the elderly These reports 
gi\c the percentage of patients dying with mitral 
stenosis at age 50 or more as from 9 to 33 per cent, 
figures that arc so much higher than those for the 
clinical incidence as to suggest that the diagnosis is 
often missed during life (Coombs, 1924 Cabot, 
1926, Cookson, 1930, Brenner, 1934, Hedley', 
1940 White and Bland, 1941, Gclfman, 1943, 
Zeman, 1945 Karsncr and Kolctsky, 1947) 
(Table 1) 

The present investigation concerns 37 patients 
with mitral stenosis and one with mitral incom- 
petence, ranging in age from 51 to 77 years There 
were only 9 men, giving a sex ratio of more than 
3 females to 1 male, which is higher than that for 
all cases of mitral stenosis (Table II ) The 


Clinical cases Author 


Necropsy cases Author 


TABLE II 


1 Coombs (1924) 9% 

2 Cabot (1926) 33% 

3 Cookson (1930) 12% 

(M S and A F over age 
48) 

4 Brenner (1934) 20% 

5 Hedley (1940) 11% 

6 White and Bland (1941) 

(5 cases, aged 73-85) 

7 Gelfman (1943) 33% 

8 Zeman (1945) 

(10 patients aged 60-74 
with M S and subacute 
bacterial endocarditis) 

9 Karsner and Koletsky 

(1947) 

(48 with M S and aortic 
calcification in elderly 
patients) 


Kauver (1941-42) were able to collect from the 
records of a hospital and a private practice over 
about a quarter of a century, 28 patients over 50 
years of age with mitral stenosis and angina pectoris 
But more information is available from post-mortem 
studies than from clinical reports on the question 


T vu rtv -eight Patients with Mitrvl Disease 
over Fifty 


Age 

Number 

51-60 

26 (18 F 8 M ) 

61-70 

1 8 (7 F 1 M ) 

71-77 

4 (4 F 0 M ) 


predominance of women increased in each successive 
decade so that all patients over 70 were women A 
greater number was seen in private than in hospital 
practice which is the reverse of the distribution for 
younger age groups There was a clear history of 
rheumatic fever or chorea in 15, and in a further 8, 
a valve lesion or heart disease had been diagnosed 
in childhood or early adult life In 5, the first 
known attack of rheumatic fever occurred at the 
age of 34 or later, and recurrent attacks after the 
age of 30 were mentioned in 2 others 

All had lived actively and, though some admitted 
that they had never been capable of strenuous 
exertion because of shortness of breath, the general 
capacity for work was at least average Of 23 


1 Coombs (1924) 6% 

2 Brenner (1934) 10% 

3 Hedley (1940) 7% 
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women who were marned, 18 had had children, in 
one case, five 

Initial Symptoms 

When first seen, 32 of the 38 cases had established 
auricular fibrillation, 2 came under observation 
with paroxysmal tachycardia, 1 with paroxysmal 
fibrillation, and only 3 had normal rhythm In 
one of these last, fibrillation set m after a fesv weeks 
In 8 cases a sudden onset of symptoms, mainly 
palpitation and dyspnoea, was known to coincide 
with the occurrence of fibrillation or was strongly 
suggested by the history In 3, the first symptoms 
were due to cerebral embolism, m one to pulmonary 
infarction and in one to ischaemia of the legs Con- 
gestive failure was present in about one third of all 
cases when they were first seen, and this nearly 
always responded to appropriate treatment In a 
further third, systemic congestion developed during 
the period of observation and treatment which was 
generally a matter of years Failure under these 
conditions was resistant to treatment though some 
survived in a state of invalidism for months or years 
Systemic congestion with normal rhythm was 
observed in one patient only Two patients who 
died from the effects of left auricular thrombosis 
never showed signs of systemic congestion They 
had auricular fibrillation and symptoms for six 
months and four years respectively 

Diagnosis 

The diagnosis of mitral stenosis in the patients m 
this senes, was made on the presence of a rough, 
low-pitched diastolic murmur heard best at the 
apex beat or occasionally a short distance from it, 
as for example in the intercostal space above the 
apex The murmur begins very soon after the 
second sound, is decrescendo, dying away as a rule 
before the first sound, though rarely reaching it 
In this last event an impression of a crescendo 
presystolic murmur is possible even with auncular 
fibrillation The diastolic murmur may be so rough 
as to be unmistakably that of mitral stenosis, but 
more often it is softer, yet not of the blowing quality 
charactenstic of the aortic diastolic murmur 
Nevertheless, when aortic incompetence was present, 
as it was m ten patients, mitral stenosis was not 
considered proved by a low pitched apical murmur, 
unless charactenstic X-ray changes of mitral 
stenosis were present The diastolic murmur of 
mitral stenosis in the elderly requires careful and 
someumes lengthy auscultation for its detection, and 
it may be quite inaudible in any but the long 
diastoles Mitral stenosis may of course exist 
when the only murmur is systolic There were two 


cases of this type, in which the diagnosis was estab- 
lished post-mortem, but apart from these a muni 
diastolic murmur had been heard m all, though 
not necessarily on every occasion the patient ms 
examined Subsidiary signs of mitral stenosis 
were usually present, in order of frequency these 
were a sharp first sound, a third heart sound, 
accentuated pulmonary second sound, and flushed 
or cyanotic appearance of the malar eminence 

Hypertension 

Levine (1945) remarked on the f requeue) of 
arterial hypertension m older patients with mitral 
stenosis, and indeed ascribed them longivity to this 
complication It is not easy, however, to determine 
the frequency of hypertension in these cases as the 
blood pressure is difficult to estimate This is, 
first, because of the almost invariable presence of 
auncular fibnllation and second because there is 
sometimes aortic incompetence, both of which 
conditions tend to give high readings for the systolic 
and lower readings for the diastolic pressure In 
the present cases a minimum diastolic pressure of 
100 mm or more was found in 19 (50 per cent) 
On this entenon of hypertension, it was present in 
one half of all patients Taking a systolic pressure 
of 190 mm or more as a criterion of hypertension, 
it was present m 12 (31 per cent) of cases With 
either of these standards the incidence of artenal 
hypertension must be regarded as high in mitral 
stenosis in the elderly 

Yet in spite of this high proportion with hyper 
tension and the advanced average age of the subjects, 
charactenstic anginal pain was experienced by one 
patient only This was a woman of 71 with mitral 
stenosis, aortic incompetence, and auncular fibnlla 
tion Her blood pressure was 160/100 mm She 
desen bed typical retrosternal pain in walking up 
steep hills She had never shown any signs of 
systemic congestion In a further two patients, 
however, pain occurred which may be regarded as 
anginal This was in 2 men who died of left 
auncular thrombosis and who complained shortly 
before death of pain in the lower chest and 
epigastnum 

Radiological Appearances 
The accepted X-ray cardiac changes in mitral 
stenosis are an increase in the left middle arc so that 
the usual slight concavity m this region comes into 
line with the left lower contour and the shadow o 
the aortic knuckle, or there is a convexity m this 
region which may be single or double The vascular 
pedicle is narrow and the aortic knob is small or 
non-existent Displacement of the oesophagus 
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backward and to the right rc\cals an enlargement of 
the left auricle At first these changes arc not 
accompanied by any alteration in the shape of the 
left lower contour or of the right contour but as 
time passes these also become more or less pro- 
minent, and on the right border may be seen a 
double contour produced by the two auricles 
Radioscopy and radiograph} were carried out in 
all eases except five, and in three of these fi\c, 
necropsy was done A cardiac silhouette that could 
be regarded as within normal limits was seen only 
once (Fig 1A and IB ) This was in a man aged 
58 whose only known attack of rheumatic fever 
occurred when he was 45 auricular fibrillation was 
present but symptoms were very mild Slight general 
cardiac enlargement with increase in the left middle 
arc was also unusual An example is shown in 
Fig 2 taken from a man of 53 who had normal 
blood pressure and whose heart at necropsy weighed 
325 g, with moderate right ventricular hyper- 
trophy, the left ventricle being normal The onset 
of auncular fibrillation causes a rapid increase in 
the size of the heart even in the absence of systemic 


congestion This is shown in Fig 3 and 4 from a 
woman aged 51 The first of these radiographs was 
taken while normal rhythm was present and the 
second a few weeks later after auricular fibrillation 
had developed, it shows some increase in the right, 
left lower and left middle contours or the heart 
Increase in the size of the left auricle sufficient to 
bring it to the right heart border was seen in five 
eases although in the first oblique position they 
usually showed only moderate displacement of the 
oesophagus Deviation of the oesophagus to the 
left and backward instead of to the right and back- 
ward was met with m two patients (Fig 5, 6, 7, 
and 8 ) This is well seen on screening after barium 
swallow in the second oblique position or m the face 
position, but in the first position the course of the 
(esophagus may appear almost normal The 
narrow vascular pedicle and inconspicuous aortic 
knob characteristic of the X-ray picture in young 
subjects with mitral stenosis was never seen On 
the contrary the knob was always visible and often 
prominent, though this prominence tends to be 
minimized by the increased middle arc below it 



Fig 


rLu^a a "cVevtra 5 t 8 aBe45 Ar ^u^l fi ^ r ° n aCtlVe f™?* untl1 a 8 e 56, only known attack of 
graph showThrart ofnn^r™ TT’ auncular fibrillation (A) Postero-antenor radio- 

(B) Right (I) oblique view shows no^iUarg^ment^f left^Zc™ 3 ' m ^ m ' dd,e arc 
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When the left lower contour is also well out, the 
result is a contour which bears no resemblance to the 
typical silhouette of mitral stenosis 

A well marked aortic impression on the (Esophagus 
and the opacities of aortic calcification are also 
common features of the X-ray picture of mitral 
stenosis in the elderly Fig 9 and 10 represent 
the characteristic features of mitral stenosis com- 
bined with great cardiac enlargement m three women 
aged 71, 74, and 77 respectively (see pp 162-163) 

Cause of Death 

Sixteen of the 38 patients died after an average 
duration of symptoms of 4^ years, the average age 
at death being 62 years Twelve died with systemic 
congestion complicated in two by cerebral vascular 
lesions, acute rheumatism in one and pulmonary 
infarction in one Two died from acute pulmonary 
congestion In four of the sixteen cases necropsy 
was done Two of these showed thrombosis of 


the left auricle, the thrombus extending on to the 
mitral valve and further obstructing it The first, 
a man aged 60, had some abdominal and leg pains, 
then developed a sudden painful paraplegia, with 
pain also in the chest and left arm and delirium 
There was a complete absence of artenal pulsation 
in the legs which quickly became gangrenous 
Death occurred on the 19th day Necropsj 
showed an extreme mitral stenosis, the onfice just 
admitting the tip of the little finger A large soft 
vegetation measuring 3 cm X 2 cm was situated 
on the left auricular wall extendmg on to the aortic 
cusp of the mitral valve and encroaching on its 
opening (Fig 11 ) Just above the bifurcation 
of the aorta there was a small dissecting aneurysm 
of its wall with leakage of a little blood into the 
retro-peritoneal tissues (Fig 12, page 164) 

The second, a man of 53, had lower chest or 
epigastric pam with symptoms of cerebral anoxaemia 
a few hours before death Necropsy agam showed 
extreme mitral stenosis with a loose fresh looking 



F ig 2 — Man, aged 53 Mitral stenosis and auricular 
fibrillation postero-antenor radiograph shows 
prominence of pulmonary artery and of conus 
separately, but no prominence of other cardiac 
contours aortic knob prominent Necropsy 
severely stenosed calcified mitral valve with fresh 
thrombus on its auricular aspect, left ventricle not 
enlarged, heart weight, 325 g 
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clot blocking the orifice Rough calcified plaques 
almost encircled the base of the \ahc Neither of 
these two patterns with severe mitral obstruction 
had shown signs of systemic congestion Their 
chest pain near the end mas ha\e been cardiac in 

TABLE III 

Cause of Death in Sixteen Patients 
(Aterattc nee at death 62 tears) 

Systemic congestive failure 12 

(Acute rheumatism 1) 

(Cerebral vascular lesion 2) 

(Pulmomrv infarction 1) 

Acute pulmonary cedema 2 

L A thrombus obstructing mitral orifice 2 

origin and due to auricular thrombosis as suggested 
by Evans and Benson (194S) In a third ease, a 
woman of 62, necrops> showed pure mitral in- 
competence The clinical diagnosis had been 
hypertension and congestive failure, though there 
was a history of rheumatic fe\cr in childhood, and 
sake disease had been diagnosed at age 7 The 
layers of the pericardium were densely adherent 


throughout the mitral cusps were thick and 
opaque with rounded margins and the orifice easily 
admitted four fingers The left auricle was greatly 
enlarged with a capacity of over 500 ml (Fig 13 ) 
A fourth necropsy on a woman of 59 who died in 
congestive failure shows a heart weighing 750 g 
with severe mitral stenosis and moderate aortic 
and tricuspid stenosis 

Discussion 

The onset of auricular fibrillation appears to 
mark a turning point in the life history of patients 
who have suflcrcd little or no handicap from mitral 
stenosis with normal rhythm up to middle or late 
life Symptoms arc rarely sufficient to make the 
patient seek advice till an arrhythmia develops 
nearly always fibrillation, but occasionally it is 
auricular tachycardia that is responsible for the 
breakdown Only three patients had normal 
rhythm when they first came under observation 
Once fibrillation has become installed the patients’ 
activities are more or less curtailed and their lives 
must thereafter be lived in a state varying from slight 



FlG r 3 h^ W ° man J aged 51 Mltra! ste nos.s, nom 
’ rai “Ograph shows some increase in 1 
middle arc only 


Fig 4 — Same case as Fig 3 Radiograph taken a few 
weeks later after onset of auricular fibrillation, now 
shows greater prominence of left middle arc and 
some increase in left lower and right contours 
although there were no clinical signs of venous 
congestion 
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to severe invalidism At the first appearance of 
fibrillation with a rapid ventricle or of paroxysmal 
tachycardia, systemic congestion may occur but 
this is usually amenable to treatment after which 
there may be a long period of fair comfort In 
some cases systemic congestion is delayed for years 
after the onset of fibrillation but when it does even- 
tually occur it is resistant to treatment Life may 
nevertheless be prolonged for years in a condition 
of advanced failure The duration of symptoms 
that were more or less incapacitating averaged 
4 i years for the whole series with extreme for a few 
weeks to 25 years The commonest cause of death 
was systemic congestion with pulmonary infarction 
and cerebral vascular lesions as occasional contribu- 
tory causes, but m two patients, one with severe 
hypertension, it was left ventricular failure Two 
patients who died from left auricular thrombosis are 
of interest, in that neither had shown systemic 
congestion in spite of severe mitral stenosis 
The radiographic appearance of the heart in mitral 
stenosis of later life shows some differences from 


the typical picture in young subjects with this valve 
lesion, the heart is usually much enlarged and the 
aortic knob is not small, often it is prominent and 
shows calcification of its wall Banum swallow 
sometimes shows a conspicuous aortic impression 
Left auricular enlargement was revealed b> the 
oesophagogram, yet in cases where the enlargement 
was great, as indicated by its extension to form pan 
of the right cardiac border, oesophageal displacement 
in the first oblique position was only moderate In 
two the oesophagus was displaced considerably to 
the left and backward Displacement in this 
direction can be seen only by screening m the second 
oblique or face positions, it is very rare in mitral 
stenosis in young subjects 
Although a valve lesion or heart disease had been 
diagnosed in 8 of the patients when they were young, 
only 3 of the 38 cases described were referred with 
the diagnosis of mitral stenosis and it seems probable 
that many elderly patients with this valve lesion 
are not recognized as such The mitral diastolic 
murmur often needs careful auscultation for its 



Fig 


5 —Woman, aged 58 Mitral stenosis, auri- 
cular fibrillation, hypertension (260/110), con- 
uestive failure, working as domestic servant 
until a few days previously Postero-antenor 
radiograph shows great cardiac enlargement, 
straight left border oesophagus seen through 
heart shadow , is deviated to left Right pleural 


effusion 



Fig 6 — Same case as Fig 5 
Left (II) oblique view, left- 
auncular enlargement shown 
by displaced oesophagus 


— Same case as Fi g- 
id 6 Right (1) oW'3* 

ew ecsophagus not dis 
aced by left aunclv . W 
e shadow of the L" 
n be seen extending 
ckvvard across 
me Calcification ol 
rtic arch 
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detection when auricular fibrillation is present and 
the site of audibility mas be sera localized More- 
os er there is a general reluctance to diagnose 
rheumatic heart disease in the cldcrls which makes 
it more unhkcls that the characteristic signs will be 
found Hence a diagnosis of arteriosclerosis or 
hypertension — which arc also frcqucntls present — is 
made There is little reason to think that an 
atheromatous lesion with calcification was respon- 
sible for am of the present eases and it is not 
established that such a lesion can produce mitral 
obstruction of clinical importance In about 
60 per cent there was a clear history of rheumatic 
fe\er or of a cardiac lesion having been found in 
earl> life The absence or mildness of s> mptoms in 
the present group until late in life, is perhaps to be 
accounted for b} a rclati\cl> slight m}ocardial 
injur} , m a few perhaps bv the first attack of rheu- 
matic fever occurring at a rclativclv advanced age 
ft is not due merely to the slightness of the valvular 
stenosis, as indicated by extreme narrowing of the 
mitral val\e in two patients who came to autopsv 
neither of whom had ever had congestive failure 



White and Bland (1941) describe similar severe 
latent mitral stenosis in three patients aged 73 or 
more It is evident that as with some other obstruc- 
tions to the main xascular channels, such as severe 
aortic stenosis and aortic coarctation, an advanced 
lesion of this \al\c is compatible with good health 
oververv long periods of time 

SUMMARV 

Thirt}-cight patients, aged 51 to 77, with mitral 
stenosis (including one with pure mitral mcom- 
pctcncc)arc described The valve lesion was believed 
to be rheumatic in all eases Sixty per cent gave 
a clear history of rheumatic fever, or of a cardiac 
lesion having been discovered in early life In 
a few eases the first hnowm attack of rheumatic 
fever occurred in the fourth decade or later Physical 
activ'it} had been little, or not at all, restricted in the 
past and the appearance of symptoms calling for 
medical care coincided ncarl} always with the onset 
of auricular fibrillation, though occasionally with 
paroxysmal tach}cardia There was arterial hyper- 


% 


4 . 


Fig 8 — Woman, aged 66 Mitral stenosis auricular 
fibrillation hypertension (245/150) and congestive 
failure Great general enlargement of the heart, 
very slight convexity of left middle arc, oesophagus 
pushed to left by large left auricle deep aortic 
impression on oesophagus calcification of aortic 
knob 
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tension in a high proportion of the patients The 
X-ray picture differs in several respects from that of 
younger subjects with mitral stenosis Initial 
symptoms, occurrence of congestive failure and 
cause of death are discussed It is suggested that 


mitral stenosis is not rare in patients over 50 sears 
of age and that careful auscultation of elderls 
subjects with auricular fibrillation will reveal this 
valve lesion, where formerly it was unsuspected 
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c._ q Woman aged 71 Mitral stenosis, slight aortic incompetence auncularfibnlla- 
non no s>^s 8 of systemic congestion, BP 160/100 (A) Poslero anterior v,ew 

shows considerable cardiac enlargement, small convexities on ^ 

profile (B) Right (I) oblique view shows oesophageal displacement by left auricl 
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Fig 10— Woman aged 77 Mitral stenosis aortic incompetence auri- 
cular fibrillation congestive failure Postcro anterior view shows very 
great cardiac enlargement of crinoline shape with a relative]) narrow 
waist above formed b> the vascular pedicle, left middle areverj promi- 
nent pulmonarv opacities suggesting hxmosidcrosis 



} . from man aged 60 Mitral stenosis auricular fibrillation, no s>stemic con- 

teftlfrrt. deat " fr° m sangrene of the legs Photograph shows opened left auricle to the 
, 1 , specunen , and a thrombus measuring 3 cm x2 cm on the wall of the auricle 

M.t i xtenc fr on to a °rtic cusp of the mitral valve and further obstructs its orifice 
Mitral opening just admitted tip of little finger 
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Fig 12 Abdominal aorta from same patient as Fig II Shows perforated atheroma- 
tous ulcer just above the bifurcation 



Pig 13 — Fleart from woman aged 62 History of rheumatic ferer in childhood 
Clinical diagnosis hypertension (215/115) auricular fibrillation congests e failure 
Necropsy showed adherent pericardium and as shown in photograph large left 
auricle with a capacity of 500 ml thickened opaque mitral cusps with rounded 
margins, the orifice admitting four fingers This was regarded as rheumatic 
mitral incompetence without stenosis 
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Since the introduction of surgical treatment for apparent acceleration of blood velocity as measured 
congenital heart disease, which was mainlv of by the arm-tongue time in three cases of morbus 
academic interest before, it has become important ctcrulcus It has been used widely at the Johns 


to diagnose as far as is possible the anatomical and 
dynamic abnormalities present in each ease This 
need has placed a premium upon any method, more 
especially if simple and safe, that may help to 
elucidate the problem The purpose of this com- 
munication is to report briefly the results obtained 
from circulation time estimations in congenital 
heart disease, and to discuss what value this simple 
test possesses 


References to circulation times are numerous, and 
it is not intended to review these extensively 
Blumgart, Weiss, and others first perfected a tech- 
nique and studied circulation times extensively, 
reporting their results in 1927 and 1928 Their 
method mv olved using radium C and vvas an objec- 
tive one, but owing to the technical complexity of 
the apparatus and agent it is unsuitable for clinical 


work Most of the methods described subsequent! 
for the arm-tongue time have been subjectivi 
except those using fluorescein, histamine, an 
sodium cyanide In 1933, sodium dehydrocholal 
was used in a senes reported by Tarr, Oppenheime 
and Sager, although its first use is credited t 
Nebauer in 1923 Saccharin vvas introduced b 
rishberg, Hitzig, and King in 1933 With th 
exception of Blumgart’s radium method, measun 
ments of the arm-lung time depend upon a subje< 
tne reaction, and ether, introduced by Hitzig i 
1935 and paraldehyde first used by Caudel in 1931 
were the agents commonly used An exceller 
review of the methods devised was published h 
Baer and Shpakoff in 1938 
References to circulation times in congenital hea 

SaceT(ITOi SCanty ’ i ? Ut TatT ’ OPP^nheuner, an 
naf!n h rCP ° rt that the a ™-tongue time, ,n 
pat cm diagnosed as having Fallot s tetralogy, vv; 

?n considera bly shorter than norma 

•n 1937, Goldman and McGuire reported tl 


Hopkins Hospital, and Taussig (1947) states that the 
absence of anv shortening of the time may support 
the diagnosis of pure pulmonary stenosis, that 
shortening of the time may support the diagnosis of 
Eiscnmengcrs complex even when there is no 
obvious cyanosis, and that a prolonged time may 
be found with aortic stenosis Prinzmetal in 1941, 
proposed a quantitative method for the estimates of 
the actual amount of right to left shunt 

Method Used 

The agents used have been 20 per cent sodium 
dehydrocholatc in 18 estimations of the arm-tongue 
time, and 50 per cent saccharin in a further 22 
estimations Saccharin has been used owing to the 
recent difficulty in obtaining dcchohn, although this 
latter gives a sharper and more distinctive end point 
and has a lower threshold concentration for taste 
In all 35 estimations of the arm-lung time, 5 per 
cent paraldehvdc in saline has been used The 
normal range for the arm-tongue time, using these 
agents, is II to 17 seconds, and for the arm-lung 
time 3 to 8 seconds 

Reports have appeared from time to time of un- 
pleasant effects from the use of deebohn, and in 
three cases these have resulted in the patients’ death, 
though in all the reported cases of death, the patients 
showed a previous history’ of sensitivity, such as 
asthma, etc , if patients with such a history are 
excluded from injections, it seems that dechobn is a 
safe substance to use Saccharin and paraldehyde 
may cause pain on injection, and the former has 
been reported as producing abscess formation when 
injected paravenously Venous thrombosis has 
been reported as a frequent complication follovvmg 
saccharin and paraldehyde, whilst nausea and 
vomiting are said to follow the injection of dechohn 
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on occasions In this series there has been no 
fatality, and no evidence of venous thrombosis or 
any other complication except that about half the 
subjects complained of pain in the arm following 
paraldehyde, whilst one vomited after receiving 
dechohn, and another became extremely nauseated 

All patients have been investigated while lying at 
rest, either in the wards or at the Cardiac Out- 
patients of Guy's Hospital The injections have 
been made with the site of injection, in each case a 
vein at the bend of the elbow, approximately level 
with the right auricle Four ml of each agent are 
used, in all-glass syringes fitted with a wide bore 
intravenous needle After venepuncture has been 
performed, a minute or so is allowed to pass whilst 
the local circulatory conditions return to normal in 
the previously congested area This opportunity is 
taken of ensuring that the patient knows what to 
expect, and that he has to signal as he tastes the 
appropriate substance The time taken for the 
actual injection has been found to be remarkably 
constant at 2 to 2 5 seconds, and this can be dis- 
regarded in the results An assistant is instructed 
to measure the time taken from the beginning of 
the injection until the patient s signal Imme- 
diately following this, the arm-lung time is esti- 
mated, using the same needle, and merely attaching 
the second syringe Following the procedure, the 
patient is instructed to exercise his hand and arm 
for a few minutes to disperse any paraldehyde that 
might still be lying tn the vein, and so cause throm- 
bosis 

This method is used for the diagnosis of whether 
a right to left shunt is present or not, but in five 
cases Prinzmetal s suggested method has been used 
to assess the percentage of blood shunted from right 
to left The method consists, briefly, of the measure- 
ment of the arm-tongue time using successively 
larger amounts of agent It is only applicable m 
cases where the shunt does not exceed 50 per cent 
The theory upon which the method is based postu- 
lates that anv substance arriving in the right ventricle 
(for example) will proceed along the two alternative 
pathways tongue and lungs (assuming a shunt to be 
present), in amounts proportional to the volume of 
blood passing to those organs There is also a 
threshold concentration necessary at the taste buds 
before the subject can appreciate the taste It 
follows, therefore, that if less than 50 per cent of 
blood is shunted into the aorta, the injection of 
increasing amounts of agent will cause a threshold 
concentration to be reached first tn the blood passing 
via the lungs to the tongue, and hence the first 
sensation will be noticed in a relatively long, or 
normal arm-tongue time Subsequently, a con- 
centration will be reached m the shunted blood that 


will produce a taste and when this occurs the arm- 
tongue time measured will suddenly become 
shortened 

If the amount necessary to produce the initial 
longer time be called A, and that required to cause 
the sudden change, B, then it can be shown that - 

Percentage of blood shunted = r^-ylOO 

A+B 

In practice the technique is similar in all respects 
to that previously described, except that amounts 
increasing by 0 2 ml are injected until first the 
longer, and then the shorter time is obtained 

Results 

Of the 36 patients investigated, 35 were suffering 
from congenital heart disease The remaining 
patient (always grossly cyanosed, and for 29 rears 
thought to be a case of Fallot’s tetralogy) suffered 
from pulmonary haemangioma 
There were 3 patients with congenital heart 
disease who were not cyanosed 
The average age of patients was 1 5 vears and the 
range was from 6 to 41 years 

Group / Cyanosed Patients m whom both Circa 
htion Tunes were Estimated 
There were 28 patients, 20 were shown to hare 
a right to left shunt, and in 8 the times were against 
a shunt Details of these 8 are shown in Table I 
The results show failure in 3 (Cases 0115, H121, 
and CBM), and a probable failure in a further one 
(Case H 126) where angiocardiography confirmed the 
presence of a shunt In the 4 cases at the top of 
the table the absence of a right to left shunt was 
confirmed 

Group 11 Cyanosed Patients in whom onh the 
Arm-Tongue Tune was Performed 
There were 5 patients in this group, and all of 
these were shown to have a right to left shunt 

Group III A cyanotic Patients m whom both Times 
were Performed 

There were 2 patients in this group and nelt K[ 
was suspected clinically of having a right to c 
shunt, in one a patent ductus arteriosus 
recently been ligated (Case 0122) but in the 0 ^ 
angiocardiography very unexpectedly sugges c 
right to left shunt (Case C206) 

Group IV Patients in whom Prinzmetal S blcthoJ 
n as used ( See Table IT) 
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TABLE I 

Path vts not Dincnomd as having a Right to Li it Shunt 


Reference 

No 

1 Sc\ and 
age 

Arm-tongue 

(seconds) 

Arm -lung 
(seconds) 

Diagnosis 

Autopsy 

(Baker 1949) 

1 M 29 

Decholm 14 0 

S 5 

Lung hemangioma 

Confirmed 

No shunt 

HI 17 

F 70 

Saccharin 17 X 

no 

Valvular pulmonary stenosis 

Confirmed 

No shunt 

P2I5* 

F 20 

Saccharin 33 o 

22 6 

Dilated pulmonarv artery -* aortic 
regurgitation 

Alive 

No shunt t 

P212f 

F 9 

Saccharin 16 7 

11 0 

Valvular pulmonary stenosis 

Confirmed 

No shunt 

HI 26 

F 9 

Saccharin 13 0 

6 0 

° r allot s tctralogv 

Alive 

Shunt presentt 

0115 

M 27 

Dccholin 26 0 

150 

Tallot s tctralogv 

Confirmed 
Shunt present 

H121 

F 24 

Saccharin 17 2 

9 2 

Tallot s tetralogy 

Confirmed 
Shunt present 

CBM 

1 F 13 

I 

Saccharin 13 S 

84 

Fallot s tctralogv 

Confirmed 
Shunt present 


* Cyanosis of peripheral t\pc t No evanosis at rest $ Confirmed by angiocardiography 


The result was speciallv useful in Case P225 as 
he was not obviously evanosed at rest the final 
diagnosis was Eiscnmcngcr s complex It was 
rather surprising in Case 01 1 1 as she too was hardly 
evanosed at rest and was thought to have valvular 
pulmonary stenosis with a patent foramen ovale 
Cases 0070 and 0075 were thought to have 
Fallot s tetralogy 

Case 0207 was thought to have valvular pul- 
monary stenosis and to have developed a right to 
left shunt later in life This was confirmed at 
operation and the valve was divided by Mr R C 
Brock 

She made an uneventful recovery', with striling 
improvement, already being able to walk about the 
ospital freely, whereas before she had been 
virtually bedridden It has been possible therefore 
o compare her circulation times before and after 
operation 


Pre-operative 

Post-operative 


Arm-Tongue Arm-Lung Haimo- 
(seconds) (seconds) globin% 

122 100 J22 

10 2 6 8 106 


The first difference is the overall reduction 
rcu ation times following operation, coupled v 
'" Crea f 10 < ^’^ erence betvveen the arm-ton 
wh Ung tlmes lowering of haemoglo 
timec ^ UrrCd , may * 1ave helped to shorten 
comnlef U j 1 r S ° 5661115 '’holy that the partial 

tribut fe If ^ va ' vu ' ar obstruction has c 
tnbut d to this effect, and the reduction in press 

right ventricle has diminished the sh 


which had been taking place through the inter- 
auricular septum 


TABLE II 


Refer- 
ence No 

Sex 

and 

age 

Amount Amount 
producing producing 
longer shorter 

time time 

Shunt 

0111* 

F 8 

variable 

results 

probably 50 0 

0075 

M 6 

0 50 ml 

1 50 ml 

25% 

0070 

M 8 

1 00 ml 

3 00 ml 

25% 

0207 

F 26 

1 80 ml 

3 00 ml 

37% 

P225 * 

M 13 

1 00 ml 

5 00 ml 

17% 


* Cyanosis on exertion only 
Discussion 

The results presented above have attempted to 
show that the estimation of the arm-tongue time 
together with the arm-lung time is a simple and 
safe method to be used in the diagnosis of the 
presence of a right to left shunt It is most impor- 
tant that both times be estimated together, and the 
only satisfactory evidence of a shunt is that they 
should agree within two seconds of each other 
This alone can indicate that substances introduced 
into the right side of the heart reach a point on the 
great and lesser circuits simultaneously, and there 
must be a communication betvveen the two before 
the lung capillaries are reached Further, the blood 
must be passing from right to left It is important 
to note that by no means every case of Fallot’s 
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tetralogy or allied condition shows a markedly 
shortened arm-tongue time, as might be thought, 
and indeed as the scanty references in previous work 
report In this series five patients had normal arm- 
tongue times, though in each case the arm-lung 
time equalled this, which demonstrates the possible 
error that may occur if the arm-tongue time is taken 
alone The chief reason for the failure of the arm- 
tongue time to be shortened in every case, is prob- 
ably that the compensatory polycythamia causes 
the opposite effect, namely slowing of the tune, as 
shown by Blumgart in cases of polycythaemia rubra 
vera In the five cases mentioned here it is note- 
worthy that the htemoglobin concentration was 
140 per cent or more in each It is appropriate to 
comment upon the disparity in actual values ob- 
tained for circulation times, using the methods 
described above and angiocardiography The 
normal values stated previously will only hold good 
if relatively small amounts of agent are introduced 
into the circulation Experience with angiocardio- 
grams performed on some of the patients used in 
this senes shows that the opaque dye may appear 
m the aorta two seconds after injection, giving a 
grossly shortened arm-tongue time This is to be 
explained by the greater quantity of dye injected, 
namely 50 ml or more, wfuch consequently causes 
considerable changes in venous return to the heart 

The method has certain disadvantages It is, 
firstly, a subjective method and the patient’s intelli- 
gent co-operation is needed This requirement 
effectively rules out its use in veiy young children, 
six years being probably the youngest age at which 
a satisfactory result may be obtained Since the 
patients attending a congenital heart clinic for 
advice will show a high proportion of young chil- 
dren many will not be able to undergo the test 
Lack of intelligence, even in older persons, appre- 
hension, and general dislike of venepuncture are all 
factors that have tended to obscure results, and in 
this senes there have been twelve failures from these 
particular causes 

The results show three subjects in whom a nght 
to left shunt was not suspected upon the circulation 
times, but m whom autopsy had since shown this 
contention to be incorrect These failures all 
occurred within a short time of each other, when 
differing amounts of saccharin to be injected were 
being tested, and the reason for failure seems to be 
that too little was used If, as seems reasonable, 
these patients had a shunt of less than 50 per cent 
of total, then the injection of too small an amount 
of saccharin might cause a taste threshold to be 
reached only by the longer route There is some 


support for this, since m the only one of the three 
cases that had undergone cardiac catheterization, 
this investigation showed evidence of a moderate 
shunt only Since these unsatisfactory results the 
amount of saccharin injected has been raised,’ and 
no further trouble has been encountered 
Brief experience with Prinzmetal’s method has 
shown this to be tolerably satisfactory, but a rather 
higher degree of intelligence and co operation is 
required The possible errors are great, and it has 
been found that repetition of the injection of 
similar amounts does not always produce the same 
response It is unlikely that accuracy to within less 
than 10 per cent may be achieved, and m anj case, 
in this context, the method is subject to the cnticism 
that providing the presence of a shunt has been 
diagnosed, the clinical condition of the patient, 
reinforced by arterial oxygen estimations is of 
greater importance m indicating urgency of treat 
ment than a doubtfully accurate estimation of the 
percentage of blood shunted 


Summary 

Results of estimating the arm-tongue and arm- 
lung times in a senes of 36 patients suffering from 
suspected congenital heart disease are given The 
agents used were 20 per cent sodium dehydrocholale 
and 50 per cent saccharin for the arm-tongue time, 
and 5 per cent paraldehyde for the arm-lung time 

Reference is made to the complications reported hj 
previous workers, and in this senes no reactions of 
any seventy were observed Prinzmetal's method 
of estimating the percentage of blood shunted m 
patients known to possess a nght to left shunt was 
used m five cases, and a descnption of the method 
is given 

The results show that the measurement of the 
arm-tongue and arm-lung tunes together is a 
reliable, simple, and safe method to be used for 
the diagnosis of a nght to left shunt, and failure was 
encountered in only three cases The reasons for 
these failures are discussed It is concluded that 
the single estimation of the arm-tongue time is not 
a reliable guide to the presence or absence of a shunt 
The results using Pnnzmetal’s method show this to 
be of doubtful value A discussion upon the 
advantages and disadvantages of the method is 
given 


I should like to thank Dr Maunce Campbell and 
Mr R C Brock for their encouragement and novice, 
and for permission to use their patients tor 
investigation 
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The Blalock-Taussig operation for morbus 
coeruleus was described in February 1945 The 
position reached in September 1947 was presented 
to the International Conference of Physicians at that 
time and has since been published by Taussig 
(1948) and Blalock (1948<?) The steps that led up 
to this operation and the subsequent developments 
have been described recently (Campbell, 1948), 
so will not be referred to further The early results 
of the first 18 operations at Guy’s Hospital, some 
by Mr Blalock and some by one of us (R C B ), 
have been described (Campbell, 1948), the earlier 
cases had then been followed for six months 
In the present paper we wish to describe the results 
in the first 50 patients operated on at Guy’s Hospital 
with a systemic-pulmonary anastomosis for cyanotic 
heart disease, all since September, 1947, by R C B 
All the patients were thought to have Fallot’s 
tetralogy or some closely related form of congenital 
heart disease, except three (Cases 33, 42, and 49), 
these three had a similar clinical picture, but with 
left ventricular preponderance in the electrocardio- 


patients under 3 and there seems more risk that 
cyanosis will return, perhaps because the anasto- 
mosis fails to grow as the child develops Parti) 
because these two risks are not likely to diminish 
suddenly at 3 years of age, and partly because with 
the large numbers waiting it seems Jess harmful to 
delay operation from 3 to 5 than from say 10 to 12, 
we have tended, latterly, to make 5 years the earliest 
age 

We have, however, no evidence from our cases 
that operation is more dangerous or less successful 
at 3 years of age We do, so far, find it more 
dangerous in those over 20, but it will be many years 
before one can avoid the dilemma of operating on 
older patients with an increased nsk, or allowing 
them to deteriorate and die 

Symptoms and Signs 

Disability The disability of these patients was 
extreme many selected for operation were severe 
cases who were deteriorating and could wait no 


gram, which nearly always indicates tricuspid longer, rather than good operative risks Twent) 
atresia or stenosis with a non functioning right six were put in the most severe grade (IV) which 


ventricle (Brown, 1 936) The earlier cases have now 
been followed for from 12 to 15 months and the 
most recent for 6 months We are not including 
m the figures that follow 6 patients who have been 
submitted to operation for pulmonary valvulotomy 
during this same period 

Age incidence Most of the patients were between 
3 and 15 and there were rather more boys than girls 
(28 to 22) One was two and a half years old, 5 
were three, 32 were between four and ten, 7 between 
eleven and sixteen, and 5 (by chance, all men) were 
between 19 and 27 years of age 
Blalock has suggested 3 as the minimum age for 
operation except in emergencies, and 10 as the ideal 
upper limit The operative risk is much greater in 
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means that they were made dyspnccic by a few steps 
and could rarely walk more than 25 yards (Campbell 
1948) One of these (Case 43) said he had once 
walked 100 yards as a great occasion, as he was 13 
and attended an ordinary school in his wheeled 
chair it emphasizes the disability Another 19 
were in the next grade (III) which means very severe 
limitation as they could not play outside without 
frequent rests and could only walk 50 to 2 00 yards 
Three of these, aged 19, 25, and 27, had at one tunc 
walked 2 or 3 miles but had become much worse 
during the last few years 
There were 5 who could do something more than 
this and were placed in grade II, but even they were 
very incapacitated Two, aged 19 and 16, had been 
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able to walk one or two miles slowlv but were most 
dissatisfied with being ‘unable to do anything' and 
were enthusiastic for operation whatever the risks 
The other three were younger and could walk half 
to one mile on a good day but often they could not 
do as much as this As further evidence that even 
these were moderately severe eases, all except one 
had haemoglobin percentages between 150 and 
126 

The large proportion of older patients among the 
last eight suggests that thev had survived because 
their condition was less severe but was now deteriora- 
ting All eases of Fallot s tetralogy have not, of 
course, such severe disability but the worst have 
been chosen for early operation 
In addition, some of these patients were becoming 
rapidly worse so that operation was expedited 
For example. Case 46 attended a second time after 
three months the distance she could walk had 
shortened from 150 to 50 yards, her cyanosis and 
the clubbing of her fingers had become worse The 
slightest exertion, even dressing provoked almost 
daily attacks of loss of control of her limbs with 
semi-consciousness 

Our experience suggests that when a patient with 
Fallot’s tetralogy starts deteriorating the prognosis 
is grave, and several times when this has happened 
death has not been long delayed 
Cyanosis All these patients had been cyanoscd 
from early infancy and all had clubbed fingers 
The measurement of cyanosis is difficult and is made 
more so by its quick variation with exertion and 
temperature In bed m a warm ward many of the 
patients look so much less blue than as out-patients 
that they are hardly recognizable With Dr W D 
Bnnton we made some attempts at colour matching 
but they have not so far been successful The 
relationship of cyanosis and polycythtemia is 
reciprocal, the lack of oxygen causing the poly- 
cythamia and this in its turn increasing the appear- 
ance of cyanosis 

The estimate of cyanosis was made without 
knowing the haemoglobin percentage In general 
terms, those in whom it was from 110 to 129 had 
been placed in grade II or m as regards their 
cyanosis, those from 130 to 139, in grade III 
and those from 140 to 160, in grade III or IV 
These and some other details are given in Table I 
But there was no very close correspondence and 
sometimes rather surprising contrasts 

The cyanosis was generally severe (grade III * 
l 5 “ Se , s) orv ery severe (grade IV, 15 cases) i n 9 
b«n m n r S a " d ° ften Iess than w ouId have 

alwavf ml , m thC d,sablllt >'- though ,t was 
alwa>s present even with the patient at rest in 

Grade III Cyanosis moderately severe at rest and 


these 9 the haemoglobin averaged \2i per cent 

In one patient in particular (Case 26) where the 
disability was very great, the cyanosis and clubbing 
slight and the haemoglobin 116 per cent, vve were 
somewhat hesitant about operation but the result 
was just as successful as in others The arterial 
oxygen saturation was 80 per cent falling to 75 per 
cent with very’ trivial leg movements (Dr Zak) 
If the disability is severe enough, relatively slight 
cyanosis should not as a rule be a contra-mdication 
to operation 

Onset of nanosis The age from which cyanosis 
was first noticed is of great importance Naturally, 
if there is an over-riding aorta and a ventricular 
septal defect, venous blood will be passing into the 
aorta from birth or soon after Cyanosis may be 
noted at once depending on the amount of shunt, 
and will become more obvious as greater demands 
arc made on the circulation and as polycyth-emia 
develops It is most important not to mistake 
temporary cyanosis at birth for cyanosis that has 
persisted from birth 

Cyanosis was noted from an earlier age than 18 
months in all except one The actual figures 
were from birth or soon after in 30 of the 50, from 
between 2 and 6 months in 9, from between 7 and 

10 months in 6, from between 15 and 18 months in 4, 
and at 24 months in Case 32 

Of the 5 where cyanosis was not noted till after 
15 months, 4 seemed ordinary cases of Fallot s 
tetralogy though one lived to 27 the fifth (Case 32) 
had pulmonary stenosis and transposition of the 
aorta so that cyanosis might have been expected 
from birth It is strange, but can hardly be more 
than a coincidence, that 3 of these 5 patients died 
after operation 

Policy thanma The h;cmoglobin percentage 
varied from 110 to 160 and averaged 137 The 
highest figures were 160 (Case 35), 158 (Case 29), 
157 (Case 6), and 153 (Case 22) All these except 
the first looked severely polycythemic 

The red blood cells were generally between 6 0 
and 9 0 and averaged 7 8 millions, but in two it was 

11 6 and 11 1 millions (Cases 41 and 47), the next 
highest being 10 1 million and several of 9 0 million 
or just over Curiously enough these two had not 
specially high hemoglobin percentages, the figures 
being 140 and 137 so that the colour indices were 
unusually low — 0 58 and 0 60 respectively 

The hematocrit reading was generally between 60 
and 85 and averaged 74 As might be expected, it 
generally agreed more closely but not very closely 
with the red cell count The highest readings were 
94 (Case 41, one of the highest red cell counts), 92 
(Case 29, one of the highest haemoglobins), 88, 87, 

obvious at a glance Grade IV Cyanosis gross, at rest 
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TABLE I 


Cases of Morbus Oeruleus Submitted to Blalock-Taussig Operation at Guy’s Hospital 


Case 

No 

Initials 

Sex and 
Age 

Cyanosis 

1 

f 

Disability 

Hffimo 

globm 

(per- 

Red cells 
(millions) 

1 

Hamo- 

toent 

Hceino- 

globrn 

3 or 4 
weeks 

Reference 

No 


I 

1 



1 

centage) 



after 

operation 


1A 

19 

20 

21 

22 

23 

24 

AC 

SF 

ME 

TG 

ML 

DS 

CM 

M 

M 

F 

M 

F 

M 

F 

19 

4 

5 

4 

13 

19 

6 

4 

2-3 

2-3 

3 

4 

4 

4 

3 

3 

3 

3- 

4 

4- 
4 

148 

112 

110 

138 

153 

130 

148 

10 0 

6-0 

59 

80 

72 

60 

88 

78 

58 

63 

(68) 

87 

77 

81 

Died 

100 

100 

127 
NC* 

106 

128 

P01A 

CB01 

0018 

COW 

C005 

0015 

0019 

25 

JR 

F 

6 

2-3 

4 

140 

74 

70 

101 

0005 

26 

J L 

M 

15 

2 

4 

116 

84 

57 

88 

P069 

27 

D F 

F 

10 

3 + 

3 

150 

80 

83 

NC 

0027 

28 

J L 

F 

3 

4 

4 

107 

66 

64 

NC 

HI 13 

29 

TH 

M 

10 

4 

4 

158 

82 

92 

122 

0036 

30 

GF 

F 

7 

3- 

3- 

133 

80 

72 


PW5 

31 

VS 

F 

2 

2-3 

2-3 

136 

74 

72 

110 ' 

COO 3 

32 

JH 

M 

11 

3- 

4 

144 

80 

74 

Died 

POM 

33 

PS t 

M 

4 

3 

4 

132 

92 

85 

109 

0022 

34 

AW 

F 

9 

3 

2+ 

118 

64 

63 

97 

H128 

35 

MC 

F 

7 

3 

4 

160 

79 

67 

Died 

P037 

36 

PR 

P 

re 

2+ 

2+ 

126 

53 

58 

89 

C007 

37 

JW 

M 

5 

4 

4 

136 

84 

81 

103 

PI 02 

38 

CB 

F 

7 

3 - ! 

4 

142 

10 1 

81 

Died 

H106 

39 

PC 

M 

10 

3 

3 

139 

83 

87 

114 

CB09 

40 

DS 

M 

5 

3+ j 

3 

140 

77 

71 

105 

P089 

41 

JH 

F 

5 

4 1 

4 

140 

11 6 

94 

115 

CBI7 

42 

SHt 

M 

19 

3 

2+ 

144 

80 


112 

P057 

43 

TH 

M 

13 

3 1 

4 

142 

72 

69 


P056 

44 

GS 

F 

11 

4 

4 

142 

86 

84 

110 

11120 

45 

SN 

M 

3 

2 

4 

109 

66 



92 

0017 

46 

KC 

F 

15 

3 

4 

135 

89 

76 


0105 

47 | 

GK 

M 

11 

3 

3 

137 

11 1 



115 

0184 

48 

RB 

M 

27 

4 

3 

144 

9 1 

85 

Died 

0115 

49 

JCt 

M 

8 

4 

4 

125 

86 

73 

123 

0007 

50 

MS 

F 

13 

3 

2+ 

138 

72 

— 

110 

0140 


i 



l 









* N C =No change as no effective anastomosis t Tricuspid atresia 

Cases 1-17 have been described previously (Campbell, 1948) 


and 86, several others were very close to this 
As would be expected, the red cell count increases 
regularly with the haemoglobin percentage in the 
lower ranges, but to our surprise this parallel 
increase is not continued in the higher ranges In 
Table II the cases have been classified according to 
the hsemoglobm and it will be seen that the red cells 
and hsematocnt increase as the htemoglobm goes 
up from 112 to 134, but there is no further increase 
either in the red cells or in the haematocrit as the 
htemoglobm goes up from 134 to 153 The dis- 
advantages of a red cell count over 8 0 million may 
produce some mechanism m the hody that prevents 
a further rise, but if so the two cases with counts 
over 1 1 0 million are all the more surprising 


Apparently as the haemoglobin rises above 130 per 
cent the red cell count and hematocrit do not on the 
average rise further with the result that the colour 
index rises towards unity 

Clubbing of the fingers and toes All these cases 
showed moderate or severe clubbing of the fingers 
and toes, and Case 26 (whose hemoglobin "as 
116 per cent) was the only one who did not have the 
complete picture as he had curvature of the nails 
without any noticeable broadening Fifteen "ere 
marked as having moderate rather than severe 
clubbing and these included 8 with haemoglobin 
percentages of from 110 to 126, but the others "ere 
about 140 Six were marked as having unusually 
severe clubbing their haemoglobin ranged f fom 
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TABLE II 

Average Blood Counts Grouped nv the 
Hemoglobin Level 


1 

Hxmoglobin 

No of 
crises 

1 Average ! Average 
' red cell ,hxmato 
count I ent 
(millions) 

1 

Average 

colour 

index 

! 

Range j 

Average , 

110-119 

l 112 ; 

s 

65 1 

62 i 

1 OS 6 

120-129 

124 ! 

4 

172 1 

63 

0S6 

130-139 

134 I 

12 

S 3* 

77 

0S1* 

140-149 

145 

16 

! S 2 

80 

0 SS 

150-160 

153 ! 

10 

17 9 1 

76 1 

0 97 

110-129 

! 116 

12 

67 

63 

0S6 

130-160 

1 144 

3S 

SI , 

IS 

OSS 

All cases 

' 137 

50 

7 S 

74 

0S7 


* Without the two cases with counts o\cr 1 1 0 million 
these figures would be 7 S and 0 85 

130 to 160 per cent This correlation between 
clubbing and polycylhamua might be expected 
Fig 1 and 2 show se\cre clubbing of the same 
fingers a year after operation when the degree of 
clubbing has become much less 
Squatting Of these 50 patients, 41 had a history 
of squatting and 7 gave no such history , there were 





2 with no information Fig 3 illustrates the typical 
position Taussig considers squatting almost con- 
stant in Fallot s tctralogv, but our c\ idcncc is against 
this though we find its docs occur in about 80 per 
cent It seems unlikely that the diagnosis was 
wrong in 7 who were not squatting One had 
tricuspid atresia CCasc 42) and the operation was as 
successful in him as it was in 3 others who did not 
squat (Cases 5, 10, and 36) It is curious, but again 
perhaps no more than a coincidence, that 3 of the 
rclativclv small number of unsuccessful results 
(Cases 1 1 22, and 27) occurred among this small 
number of non squatters 

Mental and plnsical dcxelopmcnt It is surprising 
that the mental development should be so good, 
considering the seventv of the anoxtcmia All but 
two of these children were normal or often above 
the average although, of course, manv were educa- 
tionallv backward We have used the age of walk- 
ing and talking as rough measurements 
Generally the child walked at a normal age but a 
few were late Most children (33 cases) started 
walking at or before two >ears but it was delayed in 
12 till three years in 2 till four years, in 1 till five 
years, and in 2 till seven years There was no mental 
defect in these children and the last two boys seemed 
of average or more than average intelligence 

Most children (38 cases) started talking at a 



broadening from tr5 dlsa PP eararlce a f (e r operation. This position shows the disappearance of the 
disappear completely in fi, Slde ant * some diminution of the curvature With moderate clubbing it mav 

permanently and the illustrai?^ 0r S1X I T 10nths bu £ wnh a rnore severe grade such as this something is left 
O illustration is nearly a year after operation Case 23 



174 


BAKER , BROCK, CAMPBELL, AND SUZMAN 



Fig 


2 — Clubbing of the fingers before and a 
the broadening from front to back and of the 
skin Case 23 


cu^Itnm 6 , ° peratl0n > showing diminution of 
curvature, and a more normal appearance of the 


normal age, generally between 12 and 18 months 
Seven were said to have been able to talk at two years, 
2 at two and a half years, and 3 at three years 
Only 4 (Cases 19, 28, 35, and 49) were slow both 
in walking and talking Case 19 was mentally 
backward and Case 35, who had a cataract also, 
following maternal rubella during pregnancy, was 
rather backward All the others were normal 
mentally 

Most of the children were under weight and their 
parents always complained of difficulty in getting 
them to eat On the average they were only slightly 
under height so that their thinness was very obvious 
Often the chest was badly developed with some ten- 
dency to pigeon chest and to a Harrison’s sulcus 
The veins over the chest were often more visible 
than normally 

Physical Signs 

The heart is generally of normal size and anything 
more than very slight enlargement should raise a 
suspicion that the lesion is not Fallot’s tetralogy or 
is complicated by the addition of some other 
defect The size and shape is dealt with more fully 
m the section on radiology 
Systolic murmur and thrill There is generally 
a systolic murmur m the second, thud, and fourth 
spaces on the left, becoming famter towards the 
apex The murmur is often loud enough to be 
conducted widely, sometimes to the right side or to 
the back Sometimes the pitch of the murmur 
differs over the pulmonary area and lower down in 


the fourth left space and this may be due to there 
bemg two different murmurs produced by the pul 
nl °ri. ar ^ sten0SIS and by the ventricular septal defect 
Fhe loudness and harshness of the murmur vanes 
a great deal There were 4 cases where no systolic 
murmur was heard (Cases 9, 22, 41, and 48), all 
were of severe degree and in the last, who died, 
there was a calcified pulmonary valve In 2 of 
these 4 and in 2 others, triple rhythm with an addi 
tion of a third heart sound was so obvious as to be 
almost the main physical sign It was equally 
common for the murmur to be described as soft or 
faint (13 cases), as average (13 cases), or as loud, 
rough, or harsh (14 cases +6 special cases) The 
6 special cases with a harsh or rough murmur were 
the 3 with tricuspid atresia, Case 28 with a large 
pulmonary artery, and Cases 32 and 35 with un 
usual features discovered post-mortem (seepage 192) 
Such a harsh or rough murmur (or thrill of well 
marked intensity) is, therefore, a reason for consider- 
ing carefully if the diagnosis is correct, though it 
may be found fairly often in an ordinary case of 
Fallot’s tetralogy, perhaps indicating that the 
stenosis is fairly severe, but not that there is atresia, 
when a murmur may be absent 
In none of these cases was any diastolic murmur 
heard, but some others with the features of Fallot’s 
tetralogy and a diastolic murmur have been deferred 
for fuller investigation 

A thrill was present m more than half, but 
generally it was faint and might only be felt at 
times or after exertion It was usually maximal 
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Fie; 3 —Case 33 with tricuspid atresia and non-functioning right ventricle A 
typical position adopted in squatting, though in many of the older patients 
tne knees are brought still closer to the chest 


aney 6 p “ lmonar > r area but occasionally towards the 
related ^ expected 11 was closely cor- 

The thnll thC larsbness °f the systolic murmur 
rnodeSe X D r er ° f *** intensity, it was of 
3 with tnn,!^ m 13 cases > but thj s ^eluded the 
findings post mr.rf treSla and the 2 wlth unusual 
only felt Occasionally or dlfficuIt t0 ^ 1 ° r 

No thnll felf at W m 17 03565 
20 cases 1 the man y examinations m 


Pulmonary second sound Auscultation should be 
earned out with the patient sitting up and lying down 
and dunng each phase of respiration, before a 
decision is taken about the intensity of the second 
sound 

Diminution of the second sound m the pulmonary 
area has been traditionally regarded as an important 
sign in the diagnosis of pulmonary stenosis As far 
as Fallot’s tetralogy is concerned this is not so, the 
second sound is generally normal and is as likely 
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to be a little increased as diminished It was often 
as loud on the left as on the right side at the base 

Any great increase, however, is likely to indicate 
that the pulmonary pressure is raised and that on 
screening a large pulsating pulmonary artery will 
be seen and that the lung fields will be congested 
instead of clear This is specially true if the second 
sound has a drum-like quality Visible pulsation 
in the pulmonary area, and palpable diastolic shock 
also suggest that the lesion is not Fallot’s tetralogy 
and that the pulmonary pressure is raised We 
would emphasize that the significance of the change 
m the pulmonary second sound depends on a sound 
that is much increased and not to one that is slightly 
increased 

In these 50 cases it was recorded as normal in 17, 
as diminished in 11, and as slightly increased in 13, 
m 9 it was more notably increased These 9 in- 
cluded one where the pulmonary pressure was high 
(Case 28), one with tricuspid atresia (Case 42), one 
with severe cyanosis who was hardly helped by 
operation (Case 22), and one who had infundibular 
stenosis and a transposed aorta (Case 32), but the 
other five seemed ordinary cases who were helped 
by operation 

No case of Fallot’s tetralogy has had a drum-like 
pulmonary second sound, even if the pulmonary 
artery was more prominent than usual A diastolic 
murmur immediately after this sound was never 
heard in Fallot’s tetralogy though both these find- 
ings are not uncommon in other types of cyanotic 
congenital heart disease 

Blood pressure The blood pressure in these 
cases averaged 106/73, though sometimes it was 
hard to get an accurate diastolic reading In nearly 
every case it was within the range 115-95/80-65 and 
m 4 cases where it was about 127/90, all were over 
15 years of age In some of the older patients it 
seems to be increasing a little, still with a small 
pulse pressure 

Radiology of the Heart 

In the account of the first 18 cases (Campbell, 
1948), the size and shape of the heart was discussed 
at some length and the difficulty of describing any 
characteristic shape was emphasized Less than 
half had hearts that were sabot shaped and the other 
half had more normal shaped hearts, sometimes 
with a gross hollow pulmonary bay, but often with 
an almost straight left border or occasionally even 
with some slight prominence in the region of the 
pulmonary conus The findings are much the same 
m me present senes and we are not discussing the 
question further 

We would, however, emphasize three negative 
points as of the greatest importance 


The density of the lung The most decisive— and 
perhaps the most decisive point m the diagnosis of 
a condition that can be helped by systemic 
pulmonary anastomosis— is the absence of noticeable 
pulsation m the lung roots, with an absence of 
density in the lung fields as a whole 

The size of the heart The second important 
point is the size of the heart In most cases of 
Fallot’s tetralogy, however great the disability and 
cyanosis, the heart is of normal size or even smaller 
Anything more than trivial enlargement of the 
heart makes one hesitant about operation, partly 
because it suggests that there are greater comphca 
tions in the congenital abnormality, and partly 
because the heart is less able to stand any enlarge- 
ment that may follow the creation of an artificial 
ductus arteriosus This is discussed more fullv in 
the ne\t section 

The pulmonary artery The third point, of almost 
equal importance, is that there should be no undue 
prominence of the pulmonary artery and better 
still, that there should be a striking hollow in the 
pulmonary region, though as already stated, some 
patients have a rather straight left border There 
may even be a convex projection m the region of 
the conus just below the origin of the pulmonary 
artery due to the prominence of the infundibulum 
distal to the infundibular stenosis Or there may 
be a dilatation of the pulmonary artery beyond a 
pulmonary valvular stenosis but this is rare with 
Fallot’s tetralogy, and should show no pulsation 
It is desirable that one should be able to see both 
pulmonary branches, because then a pulmonary 
vessel is available for the anastomosis and there is 
no risk of the patient dying suddenly from arrest of 
the pulmonary blood flow when one pulmonan 
artery is clamped This accident occurred in 
Case 17, in Case 27 no operation was possible 
because the pulmonary artery was too small 
Looking back at the X-ray films we think that in the 
latter, it should have been possible to tell this before 
operation, but in the former it would not have been 
easy, as there was relative density round the lung 
roots, presumably owing to the collateral circulation 
In many cases, the hollow m the region of the 
pulmonary artery in the P-A view and the large 
aortic window in the left oblique, together with the 
absence of pulsation and the absence of densits in 
the lung fields, make the diagnosis easy after radio- 
scopy, and there seems no need for any further 
investigation In others the prominence of t e 
pulmonary artery and the density of the lungs wit 
or without pulsation far out in the lung fields a 
once makes it obvious that the patient is not suita c 
for ojteration But there remain others where tne 
decision is difficult, the density produced bv the 
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collateral circulation causes one of the greatest 
difficulties but here there is no pulsation and more 
pinpoint scattered shadows Our first mistake in 
this direction was in Case 2S where we had been 
doubtful about the prominence of the lung fields 
but had decided there was pulntonan stenosis 
However at operation the pulmonan artery "is 
found to be large and pulsating with a pressure well 
o\er 80 mm of mercury This was in a child who 
was unable to stand and had been screened Ismg 
down 

The right (1) oblique position on radioscopv 
wall help in showing if there is anv undue prominence 
or pulsation of the pulmonarv artcrv or of its left 
branch The left (II) oblique will define the relative 
size of the \entnclcs and will gcncrall> show the 
left of normal size with the right somewhat but 
generally not greatly, enlarged It also helps to 
show the size of the pulmonary artery and of the 
aorta 

The aortic arch A barium swallow is necessary 
to determine whether the aortic arch is on the left 
or right As the barium is swallowed it is often of 
help to keep ones eyes fixed on the aortic knuckle, 
as the barium may sometimes follow a preliminary 
curve to the nght before it reaches the aortic knuckle 
and if this is small it may be missed It is hardly 
necessary to say that the barium should be of thick 
consistency 

The aortic arch was right-sided in 14 and left sided 
in 36 of the cases which is nearly the usual propor- 
tion of 1 in 4 


The Size of the Heart 
The heart size is not easy to estimate with accuracy, 
and general opinion ranks inspection of the film and 
still better, of the heart on radioscopy, as a better 
method than any specific measurement 
The following estimates of the heart sizes have 
been decided by one of us (MC) in retrospect, 
main y on the P-A films, because these are easiest 
0f < T°b | 1 P anson from case to ease and were always 
available Some attention was paid to the cardio- 
oracic ratio (c t r ) in each but the decision was 
twfr mamly on the genera! appearance It is 
° re > ln * er ® stln g t0 see how these estimates 
con\eJ, C W * th j hc ct r "hich are more useful for 
against "thp 311 ^ t0 0thers They are given below 

in brackets re ,ma i ted u S,Ze of the heart ’ the f^res 
rackets refers to the number of cases 

v «y small „ 

Small 37-43 (4) 

Small normal ( IS 

Normal 45-50 (5) 

Large normal 45-52 (15) 

Enlarged 49-54 (8) 

52-61 (8) 


In 14 cases the hearts were regarded as small 
nnd in 8 only as enlarged, though possibly some 
people might have counted the 8 “ large normal ’ 
ns enlarged the remaining 28 (or 20) were regarded 
as of usual size 

The S that were enlarged will be discussed in 
more detail, and taking them from the largest down- 
wards they were as follows v 

Case 35 (c t r 62) died after operation and there 
was a single auricle as well as the other features of 
Fallot s tetralogy 

Case 33 (dr 61) had tricuspid atresia with a 
non functioning right Ventricle and although the 
operation has been mosi successful and the patient 
is able to lead a life quite unlike anything previously, 
the heart has subsequently enlarged mo'c than we 
like 

Case 28 (c t r 56) had some doubt about the 
lung fields before operation and at operation the 
pulmonary’ artery was found to be large with a high 
pressure and the patient probably had Eisenmenger’s 
complex 

Case 1 1 (c t r 55) was not helped by operation but 
we thought this was due to technical difficulties with 
the anastomosis and did not indicate a wrong 
diagnosis 

The next four fall into a category of slighter 
enlargement 

Cases 8 and 47 (c t r 52 and 53) seemed to be 
ordinary cases of Fallot s tetralogy and the operation 
was satisfactory, Case 8 being 25 years old 

Case 48 (c t r 52) was an ordinary case of Fallot s 
tetralogy who died after operation, he was 27 

Case 32 (c t r 52) had the aorta arising from the 
right ventricle and he, too, died after operation 
It will be seen that among these 8 cases there were 
several where the diagnosis was more complicated 
than straightforward Fallot s tetralogy or where 
the patients did not do well, and the greatest care 
should be exercised in chosing any patient with 
significant cardiac enlargement 

There were four other patients where we decided 
to call the heart large normal, though it was difficult 
to be sure it was not slightly enlarged it was 
interesting that the c t r were much the same as 
the four just described, where we thought there was 
enlargement 

Cases 45 and 30 (c t r 54 and 53) seemed to be 
ordinary examples of Fallot s tetralogy and did well 
after operation Case 38 (c t r 53) who died after 
operation had Fallot s tetralogy and Case 49 (c t r 
52 5) had tricuspid atresia and did well after opera- 
tion As three of these did well and there is no 
reason to think that the one death was due to the 
heart size, it is probable that similar cases can 
reasonably be included as suitable for operation 
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Fro 4 —Case 39 Fallot’s tetralogy The film at 1 second shows normal filling of the right auncle The film at 2 
seconds shows sinking filling of the large aorta arching to the nght and some fi ling ontsbMJiches Th^ ^ 
evidence of filling of the left ventncle There is no significant change in the pulmonary aperies J n ..i mon ary 
4 seconds still shows the aorta but less clearly and the subclavian more clearly The filling o h P h h 
artencs is tnvial but this was the maximum reached In the film at 8 seconds the shadows are ^ngUioupu 
*e aorta can stdl be seen The pulmonary artenes and the lungs as a whole are lighter than at 4 seconds 
conclusion is a large nght to left shunt with a nght-sided aortic arch and a fairly severe pulmonary sten 
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The film at ■> Fa °J 5 * etra, °ey The film at 1 second shows normal filling of the SVC and right auricle 
branches as i secor '^ “S shows dense filling of the right ventncle and of the aorta arching to the right and of its 
ventricle ,h„ e su hclavian in the left axilla, indicating an aorta in free communication with the right 
have begun tn° ffii VJ, 01 out to the borders of the left ventncle At the same time, the pulmonary arteries 

any time anH , , “hn at 5 seconds has been chosen because it shows as much pulmonary filling as at 

Pulmonary y L Ule blood has entered the lungs The degree of fillmg is a far better indication of 

ar >d aorta are ,-iil than tb E tln l= at which dye can first be seen in the pulmonary arteries The right ventncle 
conclusion is a ,'c| ring , The film at 8 seconds shows that the heart as a whole is becoming clearer The 
rge nght to left shunt with a moderate degree of pulmonary stenosis 
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and that if the heart can be passed as not much 
enlarged a relatively high c t r is not a reason for 
deciding against operation 


from the aorta and of the size and position of the 
pulmonary arteries 


We have no example to report of a successful 
operation in a patient with Fallot’s tetralogy with 
the ctr< over 55 But this may be partly due to 
selection of patients who had not the larger hearts, 
and this is a question that still needs more experience 
We are glad we did not exclude the boy with tri- 
cuspid atresia with c t r of 61 but whether his 
improvement can last as long as in some of the 
others remains to be seen 

From our present experience and from the tables 
of Lincoln and Spillman (1928), of Maresh and 
Washburn (1938), and of Caffey (1945) it seems 
that under the age of 2 years the c t r averages 49 
and varies between 40 and 65 (60 after one year) in 
normal children These figures do not concern our 
present purpose directly but may help in advising 
parents whether their children may possibly be 
helped by operation later 

From 2 to 5 years of age the normal range lies 
between 43 and 52, and from 6 years onwards the 
average c t r falls slightly from 47 to 45, with a 
range from about 40 to 50 The original figures 
of Danzer as long ago as 1919 gave 39 to 50 as the 
adult range with an average of 45, he stated that a 
c t n of 52 might be normal if the heart did not look 
enlarged, but that one of 53 was pathological 
These last figures were of course concerned with 
adults but seem to agree with our conclusions 

On our present experience, we consider that a 
heart which seems a little enlarged with the c t r 
of 52 to 54 should certainly not contraindicate 
operation, though a larger heart than this often 
indicates the presence of some complication and 
is probably a bar to lasting improvement We have 
not yet sufficient evidence to say how often opera- 
tion should be advised in these larger hearts for the 
sake of immediate advantages 

Angiocardiography 

We do not propose to discuss in detail the help 
that can be obtained from angiocardiography which 
was only available in nine of the later cases of this 
senes As a rule, there should be no need for this 
help from the point of view of diagnosis, but in 
border line cases where a heavy collateral circulation 
hides the diminished blood supply to the lungs, it 
may be of the greatest value, and it may help to 
establish the diagnosis in complicated cases where 
no diagnosis can be made on clinical grounds alone 
Apart from this, it has proved of increasing value 
from the surgical point of view in delineating the 
anatomical arrangement of the arterial branches 


As Fig 4 and 5 show, there is no difficulty in 
demonstrating the shunt from the overriding aorta 
and this is generally well seen in the film taken at the 
2nd second in cases of Fallot s tetralogy Often 
the pulmonary arteries start filling at the same time, 
which might suggest there was no great degree of 
pulmonary stenosis but we have found that the 
amount of the increased density of the lungs dunng 
the subsequent 5 seconds is a better test than the 
speed with which the opaque substance can first be 
seen in the pulmonary arteries Even so, angio- 
cardiography seems to give an added precision to the 
assessment of the degree of pulmonary stenosis 
present in different cases of Fallot’s tetralogy, and 
may help in distinguishing between valvular and 
infundibular stenosis Both these points may 
ultimately be useful in deciding the sort of operation 
that is most likely to be successful 

Electrocardiograms 

The two most striking features of the cardiogram 
are the large pointed P wave especially in lead II 
and the right ventricular preponderance This is of 
such a degree that we think the term ventricular 
preponderance rather than axis deviation is justified 
even on the standard leads We hope to deal later 
with the value of unipolar chest leads as these were 
not available for all the early cases 

Wood and Selzer (1939) thought that a tall 
spiked P wave might be produced by a right auricular 
hypertrophy Pardee (1941) accepts the view that 
abnormally high pointed P waves occur with hyper 
trophy of the right auricle, while notching and 
broadening are seen with hypertrophy of the left 
auricle 

The prominent pointed P wave was generally 
tallest in lead II and some examples are given in 
Fig 6 The width of the P waves was generally 
2 mm and exceptionally up to 3 mm In these 
50 cases P II varied from 2 to 8 mm m height, 
generally between 3 to 7 mm Once (Case 30) it 
was small and sharply inverted There was only one 
other where P II was as small as 2 mm high, 1 
cases where it was 3 mm high, 16 where it was 4 min 
1 1 where it was 5 mm , 6 where it was 6 mm , 
where it was 7 mm and 1 where it was 8 mm 
high The average was 4 5 mm Chamberlain 
and Hay (1939) give 1 5 mm as the average size oi 
p n m the first decade with a maximum of 3-0 mm 
Pardee (1941) gives 2 to 5 mm as the usual size tor 
the large P waves of mitral stenosis 
The cause for these large P waves is not certai 
It is not due to the tachycardia that is genera > 
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Fig 6 — Tvpical electrocardiograms from 5 eases of Fallot s tctralog> showing gross right axis deviation 
and large pointed P waxes (A) from Case 020S confirmed post mortem (B)-(E) from Cases P067, 
H120 P022, and P035 confirmed by a successful result of operation for a systemic pulmonary anasto- 
mosis (Reduced to fisc sixths ) 


present, especially in the younger patients as equally 
tall P waxes occur in the same subject when the rate 
is slower The sanabihty suggests that it is partly 
due to strain on the right auricle as well as the 
hypertrophy which should make for greater con- 
stancy Moderately large and pointed P waxes may 
occur with cardiac infarction or in cor pulmonale 
xvhere there is right heart strain Large P waxes 
"ere seen equally in the cases of tricuspid atresia 
In Case 35 xvhere there xxas a single auricle the 
waxe was large and pointed, 5 mm high In 
ase 49 with tricuspid atresia it xxas tall and bifid 
as well In the other two cases with tricuspid 
a resia the P xxave was sometimes large and broad 
in ase 42, but in Case 33 it xvas not remarkable 
ccasionally the P waves may show a fair amount of 
ln height in the same record (e g Case 35) 
er ' mor f { han one cardiogram xvas taken before 
ra ion the P xxaves often differed in amplitude 

.hjrr 0 any great extent ex cept in Case 36, al- 
cardino Cfe ' Verc ^ ar 6 e pointed P waves in her first 
dones^ 1 -V ratc of H5, a subsequent one 
normal sm-ui r> S ater ’ but ^fote operation, shoxved 
no otherT"n WaVeS ' Wth a rate «f 75, there were 
The mnst n ' fiCa c t changcs m the two curves 
"•as the hich^rf 111 13111 findlng as one might expect 
ance TTe ma f 6 ° f nght Ocular preponder- 
left ventricular exceptIons were the 3 cases with 
P eponderance, it is fairly certain 


that such a case will turn out to be tricuspid atresia 
or stenosis with a non-functioning right ventricle 
especially if on radioscopy the left is the larger of the 
two ventricles 

In the 47 cases that were thought to have Fallot s 
tetralogy, the general finding xvas an absent Q, a 
diminutive or very small R and a large S in lead I 
and an absent or very small Q, a large R and most 
constantly of all, an absence of S in lead III Out 
of these 47 there were only 4 with S III and in these 
it ranged from 3 to 8 mm in depth The average 
figures for the size showed that R I, Q III and 
S III were small, 2 8, 1 7, and 0 4 mm respectively, 
while S I and R III were large, 12 9 and 13 3 mm 
respectively 

The QRS complexes in lead II may be of the R 
type (23 cases) or S type (15 cases) or mixed (9 cases) 
or with very small QRS complexes (4 cases) 

Now and again one meets with a case that does not 
show a high degree of right preponderance Case 6 
is an example xvhere there xxas no preponderance 
possibly indicating a single ventricle as well as the 
usual features of Fallot’s tetralogy, the result of 
operation xxas very successful but the colour was 
not improved as much as in most cases In Cases 
1, 30, and 37, all successful operations, there was 
Jess right preponderance than usual Some cases 
showed a moderate R I in addition, of course, to the 
very deep S I 
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T wave abnormalities were uncommon except for 
T III inversion in 1 1 cases it was sharply inverted 
and in 7 it was flat or shghtly inverted There were 
no T II inversion except in Case 30 where it was 
biphasic 

In two, T I was inverted (Cases 42 and 47) and 
m one it was flat (Case 17) In Case 42 for some 
unknown reason it became normal and upright 
again six months later, before his operation In 
Case 21, T I was enormous, 11 mm in amplitude, 
and T III was deeply inverted Fairly large T waves 
in lead II with an amplitude of over 5 mm occurred 
m 8 cases 

As with the P waves, the T waves in some of these 
cases showed variation in height, unlike most other 
types of heart disease where the size and shape 
remain remarkably constant The S-T interval 
was often elevated in lead I and sometimes became 
more normal after operation 

Operative Experiences 

In these fins t 50 cases the original basic technique, 
as recommended by Blalock, has been closely fol- 
lowed, in 6 other cases valvulotomy was per- 
formed or attempted Pott’s modification (anasto- 
mosis of aorta to pulmonary artery) was not used 
in this senes, although it has been since 

The Blalock operation of anastomosis of a 
systemic artery to a pulmonary artery is always 
difficult and exacting technically, even when the 
anatomical conditions are favourable and the 
anastomosis proceeds smoothly At times, when 
conditions are not favourable, it becomes an opera- 
tion of really great difficulty and calls for all the 
surgeon’s technical ability Some of the earlier 
more difficult cases were especially exacting, and 
even with increased experience it is found that a 
senes of straight-forward operation^ is suddenly 
interrupted by a complex anatomical situation calling 
for great patience and not a little endurance 

This is not an operation for the casual operator 
and indeed, quite apart from the pressure of the 
waiting list, it is desirable that the surgeon should 
operate regularly In Blalock’s clinic one operation 
a day is aimed at, it has not been possible to 
achieve this here because routine thoracic work must 
still be done, but a desirable standard should be two 
or three operations a week Success is not possible 
without good team work and one must stress in 
particular the invaluable part played by the 
anaesthetists, Rink, Helhwell, and Hutton (1948) 
have already written a preliminary record of their 
experiences 

Often, these cyanotic patients are not in the state 
of general health that one would ordinarily demand 
before embarking upon a severe operation, they 


may run a low fever, even with sharp nses, or have 
recurrent or persistent minor upper respiratory 
infections, etc While it is dearly folly to operate 
in the presence of considerable pyrexia or recent 
increase of illness, we have learnt that it is often 
better not to wait for seemingly ideal conditions, 
which may in fact never materialize It is some- 
times best to seize the opportunity offered, for 
conditions may deteriorate rather than improie 
Moreover, once the anaesthetic or operation has 
been begun it is desirable, however unfavourable 
the outlook may appear, to press steadily on until 
it becomes quite clear that success is impossible 
This applies not only to anatomical difficulties but 
to physiological ones as well On several occasions 
the anesthetist has reported the patient’s condition 
as very grave and the temptation to abandon the 
operation has been great In almost all of these 


cases continuance with the operation after a short 
wait has been rewarded by final success The most 
striking example of the soundness of this policy 
came m the case of a small child (Case 41) aged 
5 years, who was extremely ill, she was deeply 
cyanosed, with severe recurrent pain in the chest 
even when resting in bed, and was incapable of any 
activity at all During induction of anasthesia a 
bronchial spasm developed and she stopped breath 
mg, and it was only with the greatest difficulty that 
the anaesthetist could inflate her lungs with an 
intratracheal tube in place, her heart then also 
stopped Whether she was then dead is a nice 
point Intracardiac injection of adrenalin was given 
and artificial respiration continued The heart 
started again but spontaneous respiration did not 
begin for another 40 minutes, her condition was, 
of course, still desperate At the end of an hour 
her condition had begun to improve and after much 
deliberation the operation was started, for it was 
certain that no second attempt could be made and 


the outlook was otherwise hopeless The operation 
was completed and the child made an excellent 
recovery, ten days later she was learning to walk 
about the ward, a thing she had not been able to do 
before She has continued to do well 
All our greatest hazards have appeared in the 
operating theatre, in this series the deaths occurrc 
either m the theatre or within a few hours of return 
to the ward If the patient left the theatre in even 
fair condition, recovery always followed There 
was only one instance of bleeding from the anas 
mosis, that of a man aged 27, very disabled, sc ry 
blue, who had already had a hemiplegia, fie aicu 
several hours later from haemorrhage from n 
anastomosis which had been quite dry w cn 
chest was dosed (Case 48) Bleeding may. ° 
course, occur temporarily when the clamp 
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first undone but it either stops spontaneously or 
has been controlled by insertion of fresh sutures 
In one or two of the earlier cases this re-suturing 
led to narrowing and impairment of the efficiency 
of the anastomosis and was responsible for some of 
the poor results 

It has been our experience that patients o\cr 20 
years of age carry a far greater operatise risk, not 
only are they commonly se\erel> disabled, but their 
heart muscle seems to have suffered from the long- 
continued strain, in contrast to the younger children 
in whom the myocardium seems surprisingly good 
In addition the anatomical hazards may be greater, 
and the fatal haemorrhage m this last case was cer- 
tainly due to the very thin-walled pulmonary artery, 
aided by a certain degree of extra strain on the 
anastomosis during systole as the subclavian artery 
curved down over the prominent aortic arch 


Surgical Problems 

Certain general technical features of the operation 
need discussion in the light of our experiences, for 
most of these features introduce important practical 
problems that concern, or should concern, the 
surgeon undertaking this work 
(a) Blalock's operation or the Potts' modification 
Although the Potts-Smith modification of aortic- 
pulmonary anastomosis was not used in this senes, 
it has been employed since and has attracted suffi- 
cient attention to make it desirable to discuss its 
advantages and disadvantages It should be reali- 
zed that it does not introduce a new pnnciple, but 
is a technical modification based upon the onginal 
pnnciples laid down by Blalock and Taussig They 
postulated that certain cases of cyanotic congenital 
heart disease m whom pulmonary stenosis existed 
could be improved by anastomosing a systemic 
artery to a pulmonary artery in order to increase 
the flow of blood to the lungs, and in their prelimin- 
ary discussions mentioned the use of the aorta as a 
possibility m place of one of its branches It re- 
mained for Potts and his colleagues to introduce 
the ingenious clamp that made this possible 

The advantages of using the aorta would appear 
to be as follows 


(1) The operation may be easier and quicker 

(2) It is especially useful in small children lr 
whom the subclavian may be too small to furnish ar 
adequate additional blood-flow to the lungs 

(3) It allows the size of the stoma to be vanec 
at will and to be measured exactly 

. J 4 - 1 It . n ? ay P rov ide a ready solution to the pro 
blem of the case with a difficult, deep, short, am 
narrow subclavian artery 

(5) It avoids the dangers of cerebral damagi 


associated with the use of the carotid or innominate 
arteries 

(6) It is the simplest, and sometimes the only, way 
of overcoming the problem of a very high aortic 
arch with its branches arising at the very root of the 
neck (Fig 7) 

The disadvantages of using the aorta would seem 
to be as follows 

(1) It demands a postcro-Jatcral approach (the 
operation is probably possible, but certainly very 
awkward through an anterior incision) 

(2) It may be very difficult if the aorta is right- 
sided, as occurs in about one quarter of the cases 
This is because the right pulmonary artery is often 
very short and deeply placed m the mediastinum 

(3) The pulmonary artery may be so small and 
narrow that it cannot be used, whereas a small thin 
artery can still sometimes be employed efficiently 
for end-to-end anastomosis with the subclavian 

(4) In older patients there may be too much 
disproportion between the size and thickness of the 
walls of the pulmonary artery and that of the aorta 
to make a safe junction 

(5) Direct aortic-pulmonary anastomosis may 
cause a greater strain on the heart and a greater risk 
of pulmonary ccdcma 

It is still too early to make a final assessment of 
the Potts’ modification, but the most certain 
advantages it offers would appear to be a more 
rapid and less elaborate dissection when the aortic 
branches are small and deeply placed in the 
mediastinum, or arise very high in the chest, the 
possibility of adjusting the size of the stoma to meet 
the needs of the individual case, especially in very 
small children, and freedom from the dangers of 
cerebral damage following use of the carotid or 
innominate arteries 

In cases where it would be about as easy and 
satisfactory to use either the subclavian artery or the 
aorta, it would seem to be surgically sounder and 
wiser to use the subclavian and to avoid exposing 
the patient to the greater perils that must attend 
the deliberate manipulation of a structure of such 
importance as the aorta After all, if some mishap 
befalls the subclavian artery the situation can 
readily be remedied by ligating it and the aorta 
could then be used If some mishap occurs when 
the aorta is being used it would certainly be more 
difficult, and perhaps impossible, to retrieve the 
situation 

(6) Antero-lateral or postero-lateral approach 
Blalock’s practice of using the antero-lateral inter- 
costal incision was followed almost exclusively in 
the first 50 cases, but has often been departed from 
since then The antero-lateral thoracotomy incision 
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Fig 7 — Case P035 Angiocardiogram at 3 seconds This shows a left-sided aorta 

which is dilated and very high, with the innominate rising in the ndge of the 
neck to the right where it had been easily felt in the neck The illustration 
also demonstrates the large right to left shunt with pulmonary stenosis 


has always been more popular in American 
surgery than m that of other countries, as witness 
the popularity enjoyed by the anterior approach for 
pneumonectomy and for ligation of the patent 
ductus arteriosus In a very ill patient the antero- 
lateral approach may throw a smaller strain on the 
lungs and circulation than a postero-lateral one 
In general, however, the exposure provided by the 
antero-lateral intercostal incision may be very 
cramped, and if the nbs are awkwardly shaped so 
as to make a high narrow chest, the difficulties of 
dissection and ligation of the highest branches of 
the subclavian artery may be extreme In such 
cases the faulty exposure commits one to a set of 
circumstances that really constitute faulty surgery 
One important reason that determined the use of 
the antero-lateral approach in many cases m this 
senes was our policy of opening the pericardium 
and examining the heart condition carefully to 
make as complete a diagnosis as possible and 
to be prepared to perform a valvulotomy if indicated 
The pencardium can, of course, be opened and the 
heart inspected through a postero-lateral incision. 


but it would be difficult to utilize the nght ventricular 
approach to the pulmonary valve without consider 
able and most undesirable dislocation of the heart 
Our present practice is to use the antero-lateral 
approach only in those cases in which it may be 
necessary to operate directly upon the right ventricle 
itself For all other cases a postero-lateral incision 
is used with resection of the whole length of the 
fourth nb from transverse process to costal cartilage 
The resection of the rib is much more satisfactory 
than an intercostal incision which causes more 
bleeding at the time and may cause dangerous 
or even fatal oozing afterwards, the risk of bleeding 
is increased by the use of pencostal sutures which 
are also a cause of unnecessarily severe post 
operative pain The postero lateral thoracotomy 
with resection of a nb is followed by far less pain 
than either a postero-lateral or antero-lateral 
intercostal thoracotomy The exposure afforded 
by the long postero-lateral approach is a great 
advantage and allows a much more easy, rapid and 
safer exposure of the vessels and inspires the 
surgeon with much greater confidence that he has 
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more complete control of the situation There is 
no difficulty in application of the pulmonary 
artery’ clamp proMded the incision is carried well 
forwards, the performance of the actual anastomosis 
is easier than from the front Moreover, the 
postero-latcral incision allows use of either the 
subclavian artery (Blalock s operation) or the aorta 
(Potts’ modification), according to the conditions 
found 

With but few exceptions, in which the third inter- 
costal space was used, all the operations bv the 
antero-lateral route have been done through the 
second interspace which is definitely preferable 
except in very' small children 
(c) Right or left side Blalock s earlier recom- 
mendation was to use the side opposite to the aortic 
arch in all but adults and patients in the later teens 
His reasons for this were that if the subclavian is 
used as it arises from the innominate it forms a 
more satisfactory angle with the parent vessel when 
it is turned down for the anastomosis whereas if 
the subclavian is used as it comes ofT the aorta it 
may be sharply kinked at its origin, or flattened as 
it passes over the prominence of the aortic arch 
Also, if the subclavian artery’ is found to be unsuit- 
able the innominate or the carotid artery can be 
used instead 

In his latest paper Blalock (19486) states that he 
uses the right side (when the aorta is left-sided) in 
all patients between the ages of 2 and 12, but prefers 
the left approach in children below 2 and in patients 
over 12 who have attained most of their growth or 
who are more than 5 feet in height He mentions 
that some other surgeons have preferred to use the 
left-sided approach for all cases 


Blalock’s earlier recommendation was followed 
in most cases in this senes, but, recently, departures 
have been made In spite of increasing familiarity 
and expenence with the operation the dissection 
of the systemic arteries on the nght side may be 
extremely difficult, not a little dangerous, and 
certainly very exacting, especially so when the 
supenor vena cava is large and dilated It was 
therefore decided to extend the use of the left-sided 
approach to children under 12 years as well as to 
o dcr paUents and this was done successfully m 
a number of cases and with much greater ease, even 
though the subclavian may appear unduly kinked 
an flattened at the time the result has been just as 
5661115 probable that the artery elongates 
vW.r, ltSC,f Ttte Hglh-S'ded approach was 

(Case P04t\ aea !i n a Sma11 chlld aged 5 
dissection ? 30 j fter , a iong> ted,ous > an d exacting 
artcrv wac f ^ deep y p,aceci and long innominate 

ffie sun^J'T Wh,ch dwded UP nea, 

P horacic inlet and gave nse to e 


subclavian artery too short to bring down to meet 
the right pulmonary artery This could have been 
done if the carotid artery had been ligated and 
divided but in addition to the carotid another 
artery almost as large passed into the neck and it 
seemed that the two vessels must carry a large supplv 
of blood to the head and brain Alternatively the 
innominate could have been used, but in addition to 
the dangers of cerebral ischicmia this artery was so 
large that there seemed considerable danger of 
causing heart failure and acute pulmonary axlema if 
it were used Accordingly the operation was aban- 
doned with the idea of using a left-sided approach 
on a later occasion This experience has finally 
decided us in favour of using the left-sided approach 
in all cases unless angiocardiograms suggest the 
right pulmonarv artery is small or absent, indicating 
it would be dangerous to occlude the left branch 
while the anastomosis is made The only other 
indication for a right-sided approach is the presence 
of a right aortic arch in a case on which one 
wishes to do the Potts operation 

(d) The use of the carotid or innominate arteries 
The danger of cerebral ischicmia is very real if the 
innominate or carotid arteries arc used, in Blalock’s 
scries the mortality was 30 per cent The carotid 
was divided to allow the innominate to be turned 
down in two patients in this scries (Cases 24 and 35) 
and in one since (Case P034) The first did 
extremely well, the second developed an acute 
pulmonary oedema as soon as clamps were removed 
and the anastomosis allowed to function, and died 
after a few hours, the third became comatose and 
hemiplegic soon after operation and died the next 
day Blalock (19486) in his last paper emphasizes 
that the carotid or innominate should not be used if 
it can be avoided and states that in many of his 
earlier cases m which one of them was used, a little 
longer careful and patient dissection of the sub- 
clavian might have spared the carotid or innominate 
It would appear to be purely a matter of chance 
whether interruption of the carotid circulation is 
followed by paralysis or death or by a good result 
It is indeed a gamble, and a poor gamble as well, 
and therefore is neither surgically nor morally 
sound In our opinion, the use of the carotid or 
innominate arteries is unjustifiable and should be 
abandoned 

If the surgeon is contemplating using the right- 
sided approach he should first of all study good 
angiocardiograms which display the disposition 
of the aortic arch and its branches In this way he 
should be able to assess whether or not it is hkelv 
to be possible to use the nght subclavian artery' 
This is a far better way in which to obtain the in- 
formation than a thoracotomy An unfavourable 
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arrangement of the great vessels, such as would make 
sacrifice of the carotid blood-supply inevitable, is 
seen in Fig 7, 8, and 9 In Fig 7 the aortic arch 
is unusually high and the innominate artery actually 
lies above the clavicle and could be seen and felt 
in the neck, clearly Blalock’s operation would be 
impossible on either side without using a long 
length of carotid artery from the neck Such an 
arrangement seems to demand Potts’ operation, 
which was successfully used in this case In Fig 8 
and 9 the position of the innominate artery, deep m 
the mediastinum, is clearly seen and also its very 
high division with a resultant very short subclavian 
artery In these cases the left subclavian artery 
was successfully used for the anastomosis 

(e) Absent or small pulmonary arteries The 
value of angiocardiography to display the disposi- 
tion of the aorta and its branches is clearly proven 
in these cases and it has been of equal value in 
others It has been less satisfactory in displaying 
the mam pulmonary arteiy and its right and left 


branches, often because of the slow and feeble 
concentration of the opaque solution in them due to 
pulmonary stenosis, and especially when a large and 
rapid shunt has caused the contrast medium to 
pass rapidly into the systemic circulation In the 
normal patient it may be easier to display the chief 
pulmonary arteries more clearly, especially when 
obhque or lateral views are used in addition to the 
postero-antenor ones One must be prepared to 
be disappointed with the delineation provided when 
pulmonary stenosis exists with a large shunt 
The angiocardiograms may, however, indicate 
that one pulmonary artery is either entirely absent or 
very small Fig 10 shows an example in which the 
left pulmonary supply seems much smaller than 
the right This suggests that it would be unsafe 
to use the right pulmonary artery as death would 
probably soon follow its necessary occlusion while 
the anastomosis is being made The demonstration 
or suspicion of a small right pulmonary arteiy would 
provide an indication for using a right sided 



a r a v O 017 Angiocardiogram at 3 seconds, showing the origin of 
F thTmnommate artery fairly deep in the mediastinum with a high division 
of the subclavian from the innominate and a large gap that would haw had 
to tK bridged between this and the pulmonary artery It also shows an 
over-ndmg aorta, a high grade of pulmonary stenosis, and a dilated 
superior vena cava 
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Fig 9 — Case 0053 Angiocardiogram at 3 seconds 
It shows the origin of the innominate artery fairly 
deep in the mediastinum with a high division and a 
resultant short subclavian artery that would have 
been difficult for a pulmonary anastomosis It 
also shows an over-ndmg aorta with moderate 
pulmonary stenosis 


Fig 10— Case P048 Angiocardiogram at 4 seconds 
which suggests that the left pulmonary artery pro- 
sides a much smaller blood supply than the right 
and that it would probably be unsafe to occlude the 
right branch Operation will, therefore, be per- 
formed on the left side 


approach in preference to a left-sided one Careful 
screening and plain radiography may also enable one 
to identify both pulmonary arteries or to suspect that 
one is small or absent 

In one case, after a long dissection, the right pul- 
monary artery was found to be not much larger 
than an intercostal artery and so could not be used , 
no ill-effects followed the exploration (Case 27) 

In another (Case 17) the right pulmonary artery 
was prepared and had been clamped for 12 minutes 
when the heart stopped, it was assumed that this 
was due to absence or obliteration of the left pul- 
monary artery The heart was started again after 
massage and injection of adrenalin, and end-to- 
end anastomosis was performed between the sub- 
clavian artery and the first branch to the right upper 
lobe Unfortunately the heart stopped several 
times and finally could not be started again , autopsy 
confirmed that the left pulmonary artery was com- 
pletely obliterated Such cases sometimes are 
unavoidable and part of the hazards of the procedure, 
but may be avoided by more careful radioscopy of 
the pulmonary arteries 

(/) End-to end anastomosis In order to secure 
extra length of \ essels Blalock not infrequently 


ligates the pulmonary artery' medially, divides it, 
and performs end-to-end anastomosis to the sub- 
clavian This can be a most valuable step m some 
of the more difficult cases and may indeed be the 
only possible way to bridge a gap when the sub- 
clavian is short It is especially useful when, on the 
leftside, the prominence of the aortic arch threatens 
to kink and flatten the down-turned subclavian 
artery and to cause tension on the anastomosis 
It should certainly be used m preference to end-to- 
side anastomosis to a narrow pulmonary artery 
m which most of the width of the pulmonary artery 
would be encroached upon by the anastomosis 
One is naturally reluctant to take the step of ligating 
and dividing the pulmonary artery but, as Blalock 
says, a good end-to-end anastomosis is always 
preferable to an uncertain end-to-side one The 
only difficulty may arise from considerable dispro- 
portion between the two vessels, Blalock states that 
he does not mind this provided the pulmonary 
artery is no more than two to three times the size 
of the subclavian 

Potts’ modification may provide an easy alterna- 
tive if the subclavian artery is too short to use with- 
out end-to-end anastomosis, but if the main 
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difficulty lies with a small and narrow pulmonary 
artery, aortic-pulmonary anastomosis may be 
difficult or impossible and direct end-to-end 
anastomosis with the subclavian is much the safer 
and better 

End-to end anastomosis has been used twice in 
this series (Cases 8 and 17) and has been used twice 
since 

Summary of Surgical Procedure 

We believe, in the present state of our experience, 
that the most useful and most satisfactory incision 
is a left postero-Iateral one with resection of the 
whole length of the fourth rib and incision of the 
rib bed This gives a perfect exposure, enabling 
rapid, comfortable, and much safer dissection of the 
vessels and also permits use of either the subclavian 
or the aorta for the anastomosis We reserve the 
antero-lateral approach for those cases in which we 
anticipate that right ventricular cardiotomy may be 
needed for valvulotomy 

We have abandoned the right-sided approach 
except for cases in which radioscopy and radiography 
(including angiocardiography) suggest the right 
pulmonary artery is unduly small or absent A 
right-sided postero-Iateral incision is needed if 
Potts’ operation is contemplated m the presence of a 
right aortic arch 

In general we use Blalock’s operation in preference 
to Potts’ modification when it is feasible The 
greatest value of Potts’ operation is in small children 
in whom the subclavian artery is too small to furnish 
an adequate extra flow of blood to the lungs, and 
m older patients when the subclavian artery is too 
small or too short and it would otherwise be neces- 
sary to use the carotid or innominate arteries We 
feel the use of either of these vessels is unjustified, 
owing to the much higher mortality from cerebral 
complications or cardiac failure and to the risk of 
permanent residual paralysis End-to-end anasto- 
mosis of the pulmonary artery and the subclavian 
artery has a useful place when an end-to-side 
anastomosis would be difficult, impossible, or under 
undue tension 

Angiocardiography is an invaluable method to 
allow pre-operative study and assessment of the 
pulmonary and systemic arterial pattern 

Much emphasis has been laid on the difficulties 
and anxieties of these operations but this gloomy 
side is relieved by the more satisfactory side of 
success In spite of the hazards and long hours of 
work one denves great satisfaction from contempla- 
tion of the successfully completed anastomosis and 
the rapid, indeed at times dramatic, improvement 
that follows the operation As stated elsewhere an 
excellent result was obtained in 66 per cent, a most 


gratifying figure when one considers the very poor 
material with which one is working 

Post-operative Treatment 
In our experience the post-operati\e penod is 
much less stormy and anxious than might be 
expected Children particularly tolerate the cxten 
sive and prolonged thoracic exploration remarkabh 
well, and the difficulties encountered have been 
mainly in the older subjects Penicillin therapi is 
started 24 hours before operation, and pre-operatne 
instruction m breathing exercises is a routine 
Cyanosed and polycythemic patients should ne\er 
be left for long periods without fluids and particular 
care should be given to the fluid intake before 
operation as a simple precaution against the addi- 
tional danger of thrombosis at this time 
These patients are well fortified against blood 
loss during the operation so that transfusion of 
blood is not needed during or after the operation, 
but plasma or gum saline are given to combat shock, 
and the drip is continued on return to the ward 
They are encouraged to dnnh as soon as they reco'.er 
consciousness The need for intravenous fluids 
seldom continues longer than 24 hours, unless the 
blood pressure fails to rise — it is usually back to 
the pre-operatne level or above in 12 hours— or 
unless cerebral thrombosis is a complication An 
adequate fluid intake of at least 1000 ml in a small 
child to 2000 ml in an adult is needed to present 
thrombosis m the days after operation, and is best 
given by mouth With increasing experience 
we have found that the amount that has had to be 
given intravenously has decreased, m the first 15 
cases it averaged 37 ounces while in subsequent 
cases it has dropped to an average of 25 ounces 
Blood transfusion was needed only in two cases, in 
one (Case 5) who bled into the pleura and in one 
(Case 8) who had profound postoperative shock 
The patient is nursed in an oxygen tent on return 
to the ward and the time that this is needed is judged 
by tentative periods of removal xvithout development 
of cyanosis or distress The time varied from 
six hours to four days, with an average of 36 hours 
Any delay m regaining consciousness or inability 
to move a limb must be noted as an indication of 
cerebral thrombosis Breathing exercises and 
postural coughing are started as soon as (he patient 
is conscious and it must be emphasized that though 
this may seem unkind, almost brutal, after a serious 
operation, the children are not unduly disturbed 
and insistence on this early stimulation is amp > 
repaid by the rarity of serious chest complications 
A portable radiograph is taken within the firs 
24 hours and at frequent intervals subsequent v 
for evidence of collapse and particularly for p etna 
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effusion Our experience is that morphine should 
be used with great care, it is not always needed in 
the first day, and seldom afterwards In those with 
distress from coughing, and this is not common, 
codeine is useful 

There is an immediate rise of temperature after 
operation but very seldom above 101°, and excluding 
four cases with complications where it was prolonged 
over ten days, the average duration was five days 
The pulse rate was the better indication of the 
general condition it was frequently at its highest 
in the second 24 hours, and had usually settled to a 
steady level of 10 points above the pre-operative 
level by the end of the first week The close cor- 
relation between temperature and pulse rate, 
particularly the latter, and the presence of a pleural 
effusion is mentioned later 
Two indications of the degree of success of the 
anastomosis in the period immediately after operation 
are the colour, and the presence of a murmur 
There is an immediate improvement in colour at 
operation as soon as the anastomotic circulation 
starts, but at this time controlled respiration is 
occurring In a successful case this improvement m 
colour is maintained in the oxygen tent, and after 
a short period of up to 48 hours will continue 
outside it Some cyanosis must be expected from 
the right to left shunt which remains, and this 
will be increased if breathing is embarrassed by 
obstructive secretions m the respiratory tract or 
by pleural effusions If these factors are taken into 
account, a comparison of the colour after operation, 
particularly of the extremities, with the depth of 
cyanosis before operation is a reliable guide to the 
degree of functional improvement that may be 
expected 

The thrill over the anastomosis, which can be 
felt by the surgeon, is followed after operation by a 
murmur heard with the stethoscope, this is usually 
continuous as heard over a patent ductus arteriosus 
but may be systolic and diastolic or merely systolic 
Though chest complications may make recognition 
more difficult in the first few days, its presence is an 
encouraging sign of success and its absence suggests 
that thrombosis has occurred at the suture line and 
that the anastomosis is not patent We have 
become increasingly impressed with the murmur as 
a sign that a good result may be expected when the 
patient is able to start walking, which is usually 
after the first week 

There are three important post-operative com- 
plications cardiac failure, which is rare, pleural 
effusion, which is common but generally harmless, 
and cerebral thrombosis, which is the gravest 

One of the criteria for operation is a heart that 
can adjust itself to the altered circulation which 


the anastomosis causes, so that much enlargement 
of the heart is a contraindication In this respect 
the selection of cases would appear to have been 
satisfactory for there have been few difficulties or 
anxieties on account of the heart The blood 
pressure rises to the pre-operative level, or above, in 
the first 12 to 24 hours, and any delay in this rise 
favours the development of thrombosis and calls 
for the exhibition of a “pressor” drug, such as 
methednne, and plasma transfusion This hap- 
pened in one of our early cases (Case 8), an adult, 
where the pressure fell to 50/40 and the systolic was 
below 100 for the first 36 hours, he developed a 
cerebellar thrombosis in the first 24 hours A rise 
well above the pre-operative level is mentioned by 
Taussig but vve have not experienced it, should it 
occur, a venesection would be indicated 

It might be expected that the sudden increase m 
the pulmonary circulation, with the additional 
work demanded of the left ventricle by the anasto- 
motic shunt induced by the operation, might cause 
pulmonary oedema m the early post-operative 
period We have not experienced this in any case 
surviving operation though it occurred in one 
death after operation (Case 35) in one lung on the 
side where the innominate had been joined to the 
pulmonary artery Case 21 , a poor result as judged 
by colour and the absence of a murmur over the site 
of anastomosis, was slow to recover from this 
operation, and, despite the absence of a pleural 
effusion, his temperature failed to settle till the 
15th day On the 27th day he complained of pain 
over the heart and in the left arm, and was collapsed 
with ashen cyanosis and dyspnoea, the pulse rose 
to 140 and the blood pressure dropped to 65 systolic 
He recovered with morphia but the attack was 
repeated next day, and again responded to the same 
drug There was no change m the electrocardio- 
graph to suggest a coronary thrombosis There 
seems little doubt that these were attacks of left 
ventricular failure and they were treated as such, 
he subsequently developed a cerebral abscess 
which was successfully treated by operation 
There were no cardiac incidents m the other patients 
Congestive failure was never seen, nor was digitalis 
used, despite the increased work demanded by the 
anastomosis, as shown by the increase of heart size 
after operation in most cases 
The second complication of pleural effusion on 
the side of the operation is common and occurred 
m 32 of 43 cases after operation, in 11 it was of 
moderate size but in 21 it was large enough to 
demand aspiration, and in 10 of these, more than 
once The fluid commonly developed immediately 
after operation, or in the first few days and naturally 
it is usually blood-stained An average example 
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is shown m Fig 11 But effusion may suddenly 
increase, recur, or even first develop later in con- 
valescence and this happened in 5 cases An early 
effusion successfully aspirated is on the whole less 
of a handicap m convalescence than the slowly 
developing effusion where aspiration is hardly 
necessary in the first few days and the decision is 
delayed It is in these cases that later and repeated 
tappings are necessary, often difficult, and incom- 
plete in their results It is these patients particularly 
whose stay in hospital is prolonged, whose tempera- 
ture and pulse fail to settle, and 5 such cases were 
discharged with “ pleural thickening ” on radio- 
graphy or showed a very small residual effusion 
all cleared up subsequently 
The temperature and pulse chart reflect remark- 
ably clearly the presence of fluid in the chest, an 
early effusion successfully aspirated is associated 
with a quick return to normal temperature and 
pulse rate a rise on the second and third day, 
which is not uncommon, almost denotes a slowly 
developing effusion a sustained temperature and 
pulse indicates the persistent effusion, so hampering 
m convalescence while with one exception — the 
case with left ventricular failure — a rise m pulse later 
in convalescence always pointed to the pleura as the 
cause This last point was well shown in Case 39 
whose convalescence was extremely satisfactory 
until the 19th day when he complained of abdominal 
pain and felt unwell, a rise m pulse rate was the 
only significant sign but it was sufficient to predict 
that an effusion was developing on the operative 
side It was apparent to clinical signs and radio- 
graphy the following day and aspiration allowed his 
convalescence to continue uninterrupted The late 
effusion was best illustrated by Case 2 who had a 
small effusion late m convalescence which resolved, 
but after returning home a massive effusion 
developed and necessitated readmission to hospital 
(Fig 15, Campbell, 1948) We have regarded 
these as mechanical setbacks and have not allowed 
them to retard progress by prolonging bed rest 
unduly, and this, with the exception of Case 2, has 
been justified for subsequent examinations have 
shown a clear and moving diaphragm There has 
been no evidence that these effusions are associated 
with pulmonary emboli and, except once where a 
very small amount of fluid was noted on the opposite 
side, the effusions have always been on the side 
of operation Persistent hiemorrhagic effusion 
occurred in Case 5 only, necessitating transfusion, 
repeated aspiration of 11 pints in all was needed 
over 4 weeks, the fluid gradually decreasing m 
colour and gradually in amount until it quite sud- 
denly stopped and did not recur The correlation 
between temperature and effusion is roughly shown 


by an average length of 3 days in those with 
no fluid, of 5 days in those with moderate effu 
sions, and of 8 days in those where aspiration was 
needed 

The third and most serious complication of cere 
bral thrombosis occurred in 3 of the 43 post 
operative cases Case 1, a boy aged 7, with a 
haemoglobin of 126 per cent, had a history of a 
brain abscess on the left side when 2 years old A 
right hemiplegia of moderate seventy which was 
noted immediately after operation began to improve 
on the seventh day and when he was discharged 
on the sixteenth day there was only a slight limp 
He has made a complete recovery Case 8, an 
adult, was a severe case with hemoglobin of 141 per 
cent and had the severe drop m blood pressure in 
the first 36 hours already noted The two factors 
of marked polycythemia and shock were therefore 
present to encourage thrombosis, and this was 
noticed in the first 24 hours, the left antenor cere 
bellar artery being involved Recovery from this 
was complete but on the eighth and twenth fourth 
days he had thrombosis of systemic arteries and 
on the twentieth day a thrombosis of the antenor 
cerebral artery From this severe complication he 
has made a gradual but not a complete recovery, a 
disappointment m view of the excellent physical 
result The third. Case 29, was a boy of ten, with 
a hemoglobin of 158 per cent, he was drowsy 
after operation and was found to have a thrombosis 
of the cortical ascending parietal branch of the left 
middle cerebral affecting the arm area. The blood 
pressure was not unduly low after operation but 
during the operation there was marked collapse when 
the right pulmonary artery was occluded, and it 
was probably then that the thrombosis occurred 
He is left with impairment of movements of the 
right arm and hand, a considerable disadvantage 
though compensated by an otherwise excellent 
result 

A further severe complication which we regard 
as due to the operation was in Case 21 who was 
admitted to Oldchurch County Hospital one month 
after discharge from Guy’s after a prolonged post 
operative stay of 56 days due to persistent tempera- 
ture and left ventricular failure as already men- 
tioned The cause of this was a cerebral abscess 
which was successfully dealt with by aspiration one 
month later It is not impossible that a post 
operative thrombosis was the basis of this complica 
tion, though it was some time after 
It will be seen that cerebral thrombosis is the mos 
important complication and one which to a 
or greater degree nullifies the physical benefits tna 
an otherwise successful operation gives It shou 
be most feared in those with gross polycythemia 


MORBUS CCERULEUS 


191 



Fig 1 1 — Case 26 (Reference No P069) 

(A) Tcleradiogram in P A position before operation showing the clear lungs and some pulmonary bay with a raised 
apex Both pulmonary branches can be seen (9/1/48J 

(B) Portable radiogram one day after operation, showing a moderate sized effusion at the left base with some collapse 
(11/2/48) 

(C) Portable radiogram showing gradual clearing of the effusion, the heart size becoming more visible but not yet easy 
to measure accurately 

(D) Tcleradiogram, 7 months after operation, showing some increase in heart size from before operation, c t r 54 
instead of 46 with less apparent change in the density of the lung than in many cases, although the result 
was most successful 


192 


BAKER , BROCK, CAMPBELL, AND SUZMAN 


severe operative and post-operative shock, 
and in adults more than children Prophylaxis 
with anti-coagulants introduces the danger of 
haemorrhage and for this reason we do not use it 
Nor have we felt sufficiently confident to start treat- 
ment by heparin within three days of operation, 
though there is a strong case for giving it promptly 
if thrombosis is diagnosed Ifbloodlossat operation 
has not been great, and polycythemia is still present, 
blood letting is indicated and also intravenous fluids, 
by which method the heparin can be given 
In comparison with these three, other post- 
operative complications are slight Some collapse 
of the lung on the side of operation, independent 
of effusion, occurred and required no treatment 
except continuation and insistence on breathing 
exercises A small pneumothorax was present in 
one case and required no treatment and in only one 
was surgical emphysema of any degree present 
Obstruction to breathing by secretions in the upper 
respiratory tract is largely obviated by insistence 
on breathing exercises and postural coughing, but 
was present in 17, though in only 4 did it cause any 
anxiety Case 3 responded to the old fashioned 
steam tent, and Case 49, after 36 hours of obstructed 
breathing, to the more old fashioned method of 
turning him upside down, both exhibited by a 
watchful and wise ward-sister Cases 40 and 41 
both had severe laryngitis, and in the first, where a 
heavy growth of yeasts was cultivated from a 
throat swab, tracheotomy was necessary but led 
to little delay m his complete recovery 
The disability in the' arm on the operated side is 
remarkably slight, and though the vascular change 
is apparent in signs, symptoms are slight and the 
disinclination to move it is soon overcome A 
diminution in the size of the pupil on the side of 
operation, occasionally with ptosis, is almost a con- 
stant finding but had generally disappeared by the 
time the patient was discharged No disturbance 
in kidney function was noted 

On the whole the postoperative period is sur- 
prisingly tranquil and uneventful for such an 
extensive and eventful operation Children stand 
it particularly well and it is the adolescent or adult 
who is more likely to present difficulty No better 
example of this can be shown than Case 41, a 
gravely ill girl of 5, whose heart, as well as breathing, 
stopped dunng induction of amesthesia Despite 
this and an operation lasting over three hours, and 
later a severe tracheitis, she was out of bed on the 
fourth day Excluding 12 cases where the stay was 
prolonged on account of cerebral thrombosis, 
wound sepsis, or pleural effusion, the average stay 
m hospital was 23 days, and the average time in bed 
was only 7 days 


Results of Operation 

In these first 50 patients there have been 7 deaths, 
a mortality of 14 per cent Two of these deaths 
Were among the relatively small number of patients 
of 19 and over (Cases 1 A and 48) One had a single 
Pulmonary artery and died when it was clamped 
(Case 17) In the others, there seemed no special 
reason except their serious condition and the 
seventy of the operation (Cases 12, 32, 35, and 38) 

Fallot’s tetralogy was present in five of the sewn 
The remaining two had somewhat more complicated 
forms of morbus cceruleus, one having a single 
auncle m addition (Case 35) and the other having 
an infundibular stenosis, an aorta arising from the 
right ventricle without transposition of the pul 
monary artery, and a small left ventricle with its 
only exit a ventricular septal defect (Case 32) 

There were three patients where no anastomosis 
could be performed One, an error in diagnosis 
already desen bed, because the pressure was high in 
the pulmonary artery (Case 28), one because the 
right pulmonary artery was too small (Case 27), 
and one because of the technical difficulties intro 
duced by the enormous dilatation of the collateral 
circulation (Case 14) In no case was it impossible 
to find a suitable systemic artery, but often the 
shortness of the subclavian led to practical difficul 
ties and was, we think, sometimes the reason for 
the lack of success This leaves 40 cases to be 
considered 

There were three where, in our opinion, there was 
no improvement (Cases 11, 19, and 22), though 
even then the parents of two thought there had been 
some In one, the anastomosis was thought to 
be too small at the time (Case 11) and in a second 
there was bleeding from the anastomosis when it 
was nearly completed, and to save the patient s life 
many stitches had to be put m that probably led to 
some intra-arterial thrombosis and occlusion of the 
anastomosis (Case 22) It is possible that these 
three were also errors in diagnosis and not technical 
failures of the operation, but we do not thinl so 
In four the result has only been included as 
“ fair ” In one of these a similar difficulty with 
bleeding from the anastomosis occurred (Case 43), 
after operation he was able to walk upstairs which 
he had never done before but was not greatly 
improved In the second (Case 21) the result was 
at first classed as a failure and after a long con 
valescence a cerebral abscess followed when seen 
later after this had been cured, he was certainly 
improved but not as much as most of the others 
In the other two the result was as good as possib c 
as far as the heart was concerned, but the patients 
were handicapped by thrombosis resulting in partis 
hemiplegia, in one of these severely (Case 8), an 
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in the other, causing much limitation of his arm and 
hand movements but not preventing a great in- 
crease in his physical activity, so that he could walk 
about the greater part of the day (Case 29) 

This leaves 33 of the 50 cases (66 per cent) where 
the result was almost perfect The patients’ 
capacity was enormously increased up to walking 
several miles instead of a few hundred yards, or 
getting about all day instead of being an invalid 
mainly in the house To the parents the improve- 
ment seemed almost miraculous One boy (Case 1) 
who had been tied to his mother s apron strings was 
at school within two months and after a year was 
running about all day, playing cricket, and could 
easily walk 4 miles After running fast for 25 yards 
there was slight cyanosis in his lips and nails and 
some dyspnoea, but this cleared up very rapidly 
Another (Case 2) who had rarely been out of his 
parents’ sight had within a year walked 6 miles and 
climbed hills m Switzerland as easily as his parents 
he was anxious to become a medical student and 
was doing well at school 

Another (Case 4), who had been earned into 
hospital by his father, was leading a normal life at 
school and was able to go roller skating within a few 
months Case 23, aged 19, who had been a com- 
plete invalid, had been on a camping holiday and 
had walked 6 miles Such accounts could be 
repeated for nearly all the patients and all who have 
done less well have been mentioned individually 
The cyanosis was also much improved In most 
of them it was absent on casual inspection though 
it could generally be seen in the nails at rest (but 
often not in the lips) and tended to be noticeable 
only on a cold day or after vigorous exertion In 
one of the severe cases (Case 6) the cyanosis was 
still moderate, but it had been extreme and the 
child was able to do so much more that we feel it 
right to include her in this group Case 49, with 
tricuspid atresia, who was very severely limited has 
not yet made as much progress as the others, but 
after leaving hospital fit and apyrexial, he was 
admitted elsewhere a month later with suspected 
bacterial endocarditis He made a good recovery 
and can get about all day and his limitations seem 
more his unusually poor muscles than his heart 
His colour has improved, but cyanosis can still be 
seen in his lips We hope on the analogy of other 
cases that his improvement will go still further as his 
muscles improve 

The clubbing of the fingers also disappeared m 
some patients m the course of four or five months, 
some improvement was generally noticed very early’ 
\\ here the clubbing was gross it seems more doubt- 
ful if it will disappear entirely, though it has changed 
greatly and become much less noticeable m the 


course of six months No trouble has been ex- 
perienced from the arm where the subclavian was 
divided, though the brachial pulse has not returned 
with sufficient strength to be able to measure the 
diastolic blood pressure in this arm 

In nearly all the successful cases a continuous 
murmur, such as is heard with a patent ductus, 
has persisted though often the thrill seems less than 
might be expected with the murmur This is a good 
guide to the success of the operation and unless 
such a murmur can be heard early and easily, it is 
unlikely that the patient is going to be one of the 
most successful results Occasionally, when there 
was less improvement than usual, there was a 
systolic murmur only 

The enormously increased ability of these patients 
to get about often reveals orthopredic disabilities 
that have not mattered previously Owing to the 
poor development of the muscles through lack of 
use and the small blood supply, and sometimes to 
an added deformity of the limbs from their con- 
tinuous squatting, their new activity reveals many 
postural defects We have made it almost a routine 
for the patient to have exercises and to be trained in 
walking correctly, and with simple supervision on 
these lines and occasionally with wedging of the 
shoes they have made rapid progress and had no 
serious difficulties 

We were at first a little surprised that there was 
not a quicker increase in the weight As already 
stated, parents were nearly always anxious about the 
difficulty of making their children eat, and generally 
the appetite improves at once and they eat well 
Probably the greatly increased activity prevents 
them having anything to spare for putting on weight 
for a time, but they can be expected to gam after a 
few months rather than a few weeks, and most of 
them have increased and gone some way to catch up 
with the weight that is normal for their age 

Increase in Size of the Heart 

One of the points that has been emphasized as a 
drawback to the Blalock-Taussig operation is the 
increase in the size of the heart that may be expected 
from the work added by the left to right shunt We 
have, therefore, paid special attention to the size of 
the heart before and after operation 

Of the 50 cases, 7 died, 3 had no anastomosis, and 
in 3 the operation was thought to have been un- 
successful This leaves 37 where the heart size can 
be compared before and after a successful anasto- 
mosis Owing to many of these patients living so 
far from London it has not been easy to get a 
regular follow up We have, however, seen and 
obtained reasonably comparable radiograms m all 



Fig 12— Case 23 a boy aged 19, with Fallot s tetralogy 


(A) Before operation, showing a slightly raised apex and a straight left border 

(B) Eight months after operation showing some increase m the size of the heart, the c t r being 48 instead of 42, but 
still within normal limits There is also some increase m the shadow or the pulmonary arteiy, especially on the left, 
the side of the operation as the aortic arch was right-sided 


but two where we are relying on reports from their 
doctors in neither of these had the heart increased 
m size a few weeks after operation In one patient 
who lived m Cyprus we were fortunate in getting a 
report and teleradiogram from Dr Hills who had 
taken the films at Guy’s Hospital before operation 
Examples of an increase of average amount, of 
very little change, and of the greatest increase we 
have seen are given in Fig 12, 13, and 14 respect- 
ively 

This leaves 35 cases to be considered and we 
have taken separately those where the follow up was 
more than a year after the operation 

Of the cases operated on more than a year ago 
all 13 have been followed up and teleradiograms 
have been obtained Two of these showed no 
significant change in the size of the heart, but there 
was some increase in the other 11 In 6 cases there 
was no further increase after the first month and in 
another 3 there was little or no increase after about 
four months, but 2 who had not shown much 
increase m the first few months showed some 
increase between four months and a year The 


average increases, shown in Table III might look 
like a slow but progressive rise, however, considera- 
tion of the individual cases shows only 3 out of 13 
with any increase after four months (from 51 to 55) 
Naturally these three will be followed up with special 
interest to see if they are in fact exceptions 
Of the remaining 22 cases, some had been followed 
up for 1 1 months and all for more than 7 months, 
except three so far only followed for 5 months 
Three of these showed no significant change in the 
size of the heart, but there was some increase in the 
other 19 In 10 cases there was no further increase 
after the first 4 to 6 weeks, in 9 there uas some 
increase after this, but in 4 of the 9 it uas onl} bv 
2 or 3 points per cent and in another 3 bj onh 4 
points per cent We had not as a rule, inter- 
mediate records at about 4 months in these patients 
but m the three where we had, the increase had all 
taken place by this time The average increases are 
shown m Table III 

Taking the two groups of cases together the 
average increase in cardio-thoracic ratio uas (rom 
48 0 to 52 7 per cent It had not increased m 5 Pi 
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Fig 13 — Case 29, a boy aged 10, with Fallot s tetralogy 


(A) Before operation showing a blunt apex and a fairly large pulmonary bay 

(B) Four months after operation showing hardly any increase in the size or the heart (ctr ‘™ h anecd U W 
’ although the anastomosis was most successful, as shown by his improved ability to get about and the improve 

colour The pulmonary artery is more prominent on the right which was the side of the anastomosis as the aortic 
arch was left sided 


TABLE III 


Cardio-thoracic Ratio before and after 
Blalock-Taussig Operation 


Number 

of 

cases 

i 

Before 

opera 

non 

1 

After operation 

Time 

after 

opera- 

tion 

About 

1 one 1 
j month 

About 

four 

months 1 

At last 
visit , 

13 

22 

47 2 

48 6 

51-0 

50 9 

51 8 

i 

52 5 

52 8 

12 mo 
6-11 mo 


the 35 cases It had increased by 2 to 3 points per 
cent (from 48 to 50 or 51) in 8, by 4 or 5 points per 
cent in 10, by 6 to 8 points per cent in 10, by 10 
points per cent in 1, and by 12 points -per cent in 1 


case In the last two the hearts had been small 
before operation (ctr 41 and 44) 

Only one patient (Case 33, Fig 14) has made us 
anxious about his future by the degree of increase in 
the size of his heart His clinical improvement was 
as much as in the others and there was difficulty in 
restraining him from doing everything He was 
treated as a normal child at school except for games 
and had nothing except occasional attacks of 
tachycardia * 

Pulmonary Valvulotomy 

During the same period 6 patients have been 
submitted to the operation of pulmonary valvulo- 
tomy Four of these were thought to have Fallot’s 
tetralogy with pulmonary stenosis as an important 
feature and the other two were thought to have pure 
pulmonary stenosis with some degree of patent 


* We have since heard that eight months after operation he developed bronchitis with a temperature of 103 degrees , 
ccdema of the legs soon followed, the temperature persisted, and he died in a few days 
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A B 

Fig 14 — Case 33 From a boy aged 4, with tricuspid atresia and non functioning right ventricle 


(A) Before operation showing an enlarged and rather horizontal heart 

(B) Five months after operation illustrating the greatest increase of heart size seen so far in any patient after 
operation, the c t r having increased from 61 (11 0/18) to 69 (13 0/18 75) The pulmonary artery had become more 
prominent on the right, the side of the anastomosis, as the aortic arch was left-sided 


foramen ovale or auricular septal defect The 
operation appears to be of much greater danger 
and three (Cases P031, HI 17, and H121) of these 


six have died, but they were all older patients, 22, 
24, and 29, and this and the relatively small numbers 
make any exact comparison impossible 

In the remaining three, the operation was success- 
ful and the patients were considerably improved in 
colour and in their ability to move about without 
acute dyspnoea Unfortunately, two of these were 
handicapped, one by hemiplegia (Case H109) and 
one by some disability of the leg from arterial 
embolism (Case P079) Whether this is a greater 
risk with valvulotomy remains to be seen because 


here again, they were older cases, aged 18 and 23, 
and it appears that age (though it may be the 
associated degree of polycythasmia) makes throm- 
bosis and embolism a greater risk 
The remaining patient (Case HI 07, Case 2, 
Brock, 1948), a girl aged 11, was as brilliantly 
successful as any with an anastomosis She was 
active all day and was able to walk several miles 
and looked a normal colour with only trivial or 
even doubtful cyanosis on careful examination 
Her arterial O. saturation had increased from 81 
to 91 per cent Twelve months after operation, 


she has developed no signs suggestive of pulmonary 
regurgitation 

Summary and Conclusions 
The method of chosing the first 50 patients for 
the Blalock-Taussig operation at Guy’s Hospital 
and the results obtained have been described Three 
cases were thought to have tricuspid atresia with a 
non-functioning right ventricle, and all the others 
Fallot’s tetralogy, though sometimes with a known 
or suspected complication All had great disability 
and severe or moderate cyanosis dating from birth 
or early infancy, with polycythsmia and clubbing 
of the fingers 

Most of these patients had a systolic murmur— 
often not very loud — in the pulmonary area, and in 
about half of them a thrill could be felt at this site 
None had a diastolic murmur or a greatly accen 
tuated second sound Four-fifths of the patients 
squatted habitually and panting on exertion was 
nearly as characteristic 

The heart was generally within normal limits 
though some right ventricular hypertrophy could 
be seen on cardioscopy and shown electrocardio- 
graphically, sometimes the heart was small, ana 
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occasionally a little, but ne\cr much, enlarged If 
the cardio-thoracic ratio is under 45, the heart will 
probably stand a fairly large anastomosis with still 
greater improvement for the patient More ex- 
perience will be needed to decide how much en- 
largement of the heart may be allowed slight 
enlargement with the c t r 52 to 54 should certainly 
not contra-indicate operation but larger hearts 
with the ctr 55 and abo\e require special con- 
sideration and the improvement may not be so 
lasting 

The heart was sometimes sabot-shaped and 
sometimes of more normal shape with a straightcr 
left border or even with a slight prominence of the 
pulmonary region The pulmonary vascular 
shadows were generally much diminished though 
sometimes more mottled shadows, probably pro- 
duced by the collateral circulation, made this 
decision difficult 

The pre-requisite of a successful operation is that 
the disability and cyanosis should be mainly due to 
an inadequate blood flow to the lungs and, in general, 
this is indicated by the clinical and radiological 
findings that have been gi\en 
The other prerequisites are that there should be a 
suitable systemic artery and a pulmonary artery' 
large enough for an adequate anastomosis Angio- 
cardiography helps with both these points by 
showing the anatomy of the aortic branches and of 
the pulmonary artery and so m helping one to plan 
the details of the operation that is most likely to be 
feasible and successful Careful radioscopy should 
generally be able to decide about a suitable pul- 
monary artery 

The operation was usually an end-to-side sub- 
clavian-pulmonary anastomosis on the side opposite 
to the aortic arch The aortic arch was right-sided 
in a quarter Reasons have been given for thinking 
it is better to operate on the left side regardless of 
the side of the aortic arch and this has become the 
usual routine recently Our conclusions about the 
surgical procedure that should be adopted have 
been summarized (page 188) 

The immediate upset caused by the operation is 
less than might be expected and children stand it 
well and recover quickly Morphia should be used 
in small quantities only, and intravenous fluids 
are not needed in large amounts, though fluids 
should be taken freely by mouth before and after 
operation Breathing exercises should be started 
at once and earned out vigorously The only 
complications that are at all common are pul- 
monary-some collapse of the lung and pleural 
ettusion These generally dear up quickly though 
the> often need aspiration once and may sometimes 
be slower and cause trouble Arterial thrombosis at 


the time of operation or soon after has been the 
second mam complication and as already stated two 
of these patients ha\c been left with some residual 
disability This risk seems greater when the poly- 
cythtcmia is set ere 

On the ascragc the temperature had settled to 
normal by the third da> , and excluding 1 2 cases where 
there were complications from cerebral thrombosis, 
wound sepsis, or pleural cflfusion, the patient w'as 
up and getting about the ward on the eighth day 
and was able to Ica\c hospital after 23 days 

There were 7 deaths in these 50 cases— a mortality 
of 14 per cent There were 3 others where no 
anastomosis could be performed 

Of the remaining 40, there were 3 where we 
thought the improvement of little or no significance, 
and 4 where we ba\c only classed it as fair, though m 
2 of these the result was excellent as far as the 
heart was concerned but was marred by some 
residual disability from thrombotic hemiplegia 

In 33 of the 50 cases (66 per cent) the results were 
almost perfect and the patient was able to get about 
all day and walk up to 5 or 6 miles instead of a 
few' hundred yards or less The cyanosis almost 
disappeared except slightly in the nails and on a 
cold day Many children quickly started at ordinary 
schools, and cricket, camping, and roller skating 
became the occupations of some who had before 
been invalids doing hardly anything 

A murmur similar to that of a patent ductus 
arteriosus was heard on the side of the operation in 
the successful cases After operation with the 
added work of the heart from the new left to right 
shunt the heart generally increased in size a little 
but not greatly In 5 of 35 cases there was no signi- 
ficant increase, in the remainder the cardio-thoracic 
ratio rose from 48 0 per cent to 50 9 when the patient 
left hospital and to 52 7 per cent when they were 
last seen (generally after 7 to 14 months) Although 
these average figures might look like a progressive, 
if slow, increase, individual cases show that the 
greater part of the increase had generally taken 
place m the first 4 to 6 weeks Only one patient so 
far — and he had tncuspid atresia — has caused us 
any anxiety for the future by the size of the increase 
in his heart, and symptomatically he has improved 
as much as the others 

It was particularly encouraging that none of the 
patients seen a year after operation had failed to 
maintain or increase all the improvement they had 
made at the earlier follow-up after a few months 


We would like to thank Dr T H Hills for the angio- 
cardiograms and the Photographic Dept , Guy s Hospital 
for help with the illustrations 
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Appendix on Cardiac Catheterization 
By G A Zak 


Nine of these cases underwent cardiac catheteriza- 
tion Most were investigated when the procedure 
was still at an early stage of development at this 
hospital, with increasing skill and improved tech- 
nique the results in later cases have been more 
complete 

In view of the envisaged operation the mam 
object of venous catheterization was to get informa- 
tion regarding the pressure in the right ventricle and 
pulmonary artery, the presence and localization of 
shunts, and the volume of the pulmonary blood 
flow m relation to the height and weight of the 
patient 

It is not intended to discuss the problems and 
findings of cardiac catheterization in detail From 
the rapidly growing data on this subject several widely 
accepted facts have emerged For example the pres- 
ence of blood of significantlyhigher oxygen saturation 
m the right auricle than in the vena; cava; indicates 
arterial blood passing from the left auricle through an 
auricular septal defect, and the sudden fall in 
pressure from a high to a low level on passing from 
the right ventricle to the pulmonary artery is the 
best evidence of pulmonary stenosis To calculate 
the pulmonary arterial flow with the aid of the Fick 
principle mixed venous blood must be obtained, 
and the mixing of the venous blood from the various 
sources may be incomplete in the right auricle If 
the catheter can not be got into the pulmonary artery 
a blood sample obtained from the outflow tract of 
the right ventricle can be substituted The pul- 
monary arterial flow is not necessanfy equal to the 
total pulmonary flow (pulmonary capillary flow) 
as an appreciable amount of blood may reach the 
alveolar capillaries by way of a collateral circulation 
No attempt has been made to assess this 


The sudden fall from high to low pressure on 
passing from the right ventricle to the pulmonary 
artery and sometimes the feel of release from a 
grip on the catheter is the best evidence of pulmonary 
stenosis, and a decreased pulmonary arterial flow is 
confirmatory evidence If it is not possible to 
reach the pulmonary artery with the catheter, a 
high pressure in the right ventricle and a decreased 
pulmonary flow may be taken to lend good support 
to an assumption of pulmonary stenosis in the 
absence of clinical signs of mitral stenosis or heart 
failure 

The magnitude and direction of an overall intra 
cardiac shunt is calculated by deducting the pul 
monary arterial from the systemic blood flow or 
vice versa The adjective “ overall ” is used to 
denote that m many instances there is actually a 
to-and-fro movement of blood from the two sides 
across a single septal defect but as a rule one com 
ponent is larger to such an extent as to dominate the 
clinical picture 

An evaluation of the output of each of the two 
ventricles of the heart, and the consequent calculation 
of a possible shunt is an approximation onI> The 
calculation of the pulmonary arterial flow is often 
the more reliable Of the three components neces 
sary for its computation, the O t uptake through the 
lungs and the 0 2 content of the mixed venous blood 
are known If the degree of the arterial owgcn 
saturation is normal the pulmonary venous blood is 
taken to be of equal saturation Even if it ,s 
lowered one is justified in assuming the pulmonary 
venous blood as still being 95 to 98 per cent saturated 
with O. This was shown to be true by other investi- 
gators in the absence of pulmonary conditions likely 
to interfere with the gaseous exchange in the alvtoh 



APPENDIX ON CARDIAC CATHETERIZATION 


199 


[ , i Output in i ) 

Pressure (mean) , 1 , % of the |0. con- 

in mm Hg Systolic 'DegrecofO saturation | average out-, Hb % , ' sump- 

Casc No , Age j from the skin of i BP j percentages i put of 3 0 1 ioo% ' Surface 1 tion in 

and Date of i the back i (clinic ! per min per =l5 6g|arcam ccs per 

catheterization I j alls) I sq m of i Hb , sq m I min at 

i i i body surface I S T P 


R A ' R V P A R A R V 

i I 


Case 23, 19 yr , 1 

15 

| 43 i 

_ t 

115 

! 29 0 

33 1 

13/1/48 j 


1 





Case 49*, 8 \r , 1 
6/2/48 1 

14 

■ (27) 

— 

100 

1 SVC 
46 S 

23 2 

Case 35 7 yr , 
23/4/48 1 

7 

45 

15 

( 

no 

— 

— 

Case 36 1 7 yr , 1 

12 

— 

1 

122 

600 



12/5/48 

Case 42*, 19 yr , 

(1 

— 

— 

95 

55 7 



20/5/48 

Case 39 11 yr 

16 

44 



100 

47 7 

. 

25/5/48 

Case 48 27 yr , 

1 15 

50 

__ 1 

115 

38 2 

46 6 

4/6/48 


1 



Case 44 11 yr , 
15/6/48 

10 

1 40 

1 

10 

1 

110 

67 6 

607 

Case 46, 15 yr , 
18/6/48 

10 

i 62 ! 

i 

10 

1 

125 

, 53 3 

55 4 


P A Syst i (BMR) 

arterv System Pulm 


— 

46 5 

100 

30 ’ 

120 

1 24 

170 

(-50) 


58 8 

180 

— 

125 

0 83 

140 

i (-3 0) 

— 

— 

— 

— 

— 

— 

— 

— 

83 0 

85 

— 

118 

1 42 

200 
(0 0) 

— 

73 0 

no 

— 

140 

1 32 

220 

(-190) 

“ 

55 6 

250 

— 

143 

1 00 

185 

(-4 5) 

1 

62 7 

90 

35 

153 

I 77 

250 

1-40) 

, 60 1 

71 8 

110 

45 

160 

1 01 

165 

(-5 5) 

1 46 6 ■ 

; 61 8 

100 

50 

142 

l 59 

210 
1-5 5) 


In these two cases the diagnosis was tricuspid atresia, in all the others it was Fallot s tetralogy 


The systemic blood flow tn cases of septal defects 
cannot, however, always be calculated with the same 
degree of reliability as the right ventricular output 
Here, the mixed venous blood component is the 
weak link in the chain Often there is evidence of 
imperfect mixing in the right auricle, the coronary 
vein as a rule adding blood very much lower in 
oxygen content The inferior vena cava in turn 
produces, generally speaking, more saturated blood 
than the superior vena cava A blood specimen 
obtained from the inferior vena cava, however, may 
not be of uniform composition on account of the 
nearness of the openings of the hepatic veins This 
tact makes the recognition of small atnal septal 
defects producing admixture of artenahzed blood 
uncertain if one is to rely on the taking of single 
blood samples only Because of the errors involved 
in calculating the pulmonary and the systemic flow 
one must hesitate to diagnose a small overall right 
o left shunt on small differences, larger differences 
can however be taken as reliable 

sunnnrtnrf n ‘ ne , the cIln| ca! diagnosis was 

m cLes nf f a" SUpp ° rt ' vas fe,t t0 be forthcoming 
m cases of Fallot’s tetralogy if there was evidence of 

“ an -*• •» » 

Of ihc t«o cases diagnosed on clinical grounds as 
having tricuspid a, res, a only a single nghTSibS 


with normal right auricular pressure could be demon- 
strated and no evidence of an atnal left to nght shunt 
were found In neither of these cases could the 
catheter be made to cross over to the left auricle 

There was evidence of an overall nght to left 
shunt in eveiy case 

The A-P diameters of the chest ranged from 18 to 
24 cm with an average of 19 cm To obtain the 
pressure as measured from the sternal level 15 mm 
of Hg has to be deducted from the values given in 
this table 

The cathetenzations w'ere earned out by Dr G A 
Zak and Dr H E Holhng 


Case 23 Pulmonary artery not entered as tip 
of catheter got caught in papillary muscles towards 
the base of the heart, without getting near the 
pulmonary valves 

Case 49 Results vitiated by crying The 
superior vena cava value is substituted for the right 
auricular value, as the former followed a period of 
calmness It was thought at first that the right 
ventncle had been entered, but probably the 
catheter was in the coronary sinus, with the pressure 
high from partial occlusion of the lumen of the 
catheter 
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Case 35 The use of an inhalation anaesthetic 
made gas analyses of the blood specimens impossible 
The raised right ventricular pressure in conjunction 
with the lowered pulmonary arterial pressure 
indicates stenosis of the pulmonary ostium 

Case 36 Venospasm led to abandonment of 
procedure 

Case 42 Only the right auricle could be entered 
The tip did not pass into the left auricle through a 
possible atrial septal defect If such a defect was 
present, a left to right shunt through it would appear 
unlikely on account of the SVC and I V C 
saturations, which agreed with the value found m 
the R A 

Case 39 The right ventricle was only entered 
with difficulty and attempts at entering thepulmonary 
artery failed Tip was at the base of the heart 
The pressure in the nght ventricle was recorded 
but no blood specimen was obtained, and when on 
withdrawing the catheter too far this chamber had 
been left the permissible screening time did not allow 
lurther search for the nght ventricle 


Case 48 The pulmonary artery could not be 
entered though tip of catheter was brought to base 
of heart Good agreement between SVC and 
right auncular saturation The increased nght 
ventncular saturation over the right auricular sample 
favours presence of a ventncular septal defect, 
giving nse to shunting of the blood in both directions 
though diffenng m quantity The smaller opposing 
shunt can be detected if the tip of the catheter 
happens to be near such a defect, which seems to 
have been the case here 

Case 44 Supenor vena cava, 54 per cent, and 
inferior vena cava, 60 per cent saturated, favour a 
small left to right shunt through an atnal septal 
defect, which is, however, far outweighed by the 
large right to left shunt through a ventricular septal 
defect or ovemding of the aorta 

Case 46 Good agreement between the satura 
tion values in both venae cavm, nght auricle, and 
nght ventncle The low pulmonary artery satura 
tion is thought to be due to obstruction by the 
catheter of an already narrowed ostium for about 
two minutes, prior to withdrawing the blood sample 
The pulmonary flow has been calculated from the 
nght ventricular saturation 
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The Electrocardiogram in Bilian Tract Disease and 
During Experimental Bilian Distension Clinical 
Observations on 26 Patients G B Hodge and A L 
Messer Siirg G\nec Obsict , 86, 617-626, May, 
1948 

The effect on the electrocardiogram of experimental dis- 
tension of the biliary tract was investigated in 26 patients 
undergoing surgery of the biliary tract Sterile normal 
salme solution was introduced under pressure through a 
cannula mto the gall bladder or through a rubber T-tubc 
into the common bile duct, the maximum pressure used 
was 100 cm of water Twenty-two of the patients had 
chrome cholecystitis, 3 had previously had cholecys- 
tectomy, and 1 had a carcinoma of the head of the 
pancreas with chronic cholecystitis and cholelithiasis 
In 14 patients gall bladder distension and electrocardio- 
graphic studies were earned out simultaneously during 
operation Of a second group of 1 3 patients the common 

bile duct was distended m 12 and the gall bladder in 1 
patient, without medication or anaesthesia, 10 or more 
days after operation No patient had angina or myo- 
cardial infarction and m none did distension of the 
common duct or gall-bladder cause anginal pain All 
patients who experienced pain during distension of the 
common duct or gall-bladder complained of respiratory 
distress during distension and in the majority the blood 
pressure rose No constant cardiographic changes were 
found as a result of the distension, control records 
obtained before operation included abnormal as well as 
normal tracings It is concluded that changes in the 
electrocardiogram in patients with biliary tract disease are 
variable and may be coincidental, and that it is not 
justifiable to speak of improvement of the cardiac condi- 
tion as a result of biliary surgery on the basis of a single 
pre-operative and post-operaUve cardiogram, since serial 
tracing may show 1 instability of the cardiographic 
pattern, especially of the T waves A Scholl 

The Changes in the Electrocardiogram Associated with 
Standing D Scherp and M Schlachman Proc 
Soc exp Biol , N Y , 68, 150-153, May, 1948 

Records in 80 male patients without evidence of organic 
heart disease were taken in the supine position, after 
standing for 1, 5, and 15 minutes and again immediately 
upon resuming the supine position To investigate the 
part played by the sympathetic nervous system 0 5 mg 
of dihydrocrgotamine ( DHE 45 ’ ) was given intra- 
venously to 12 patients and records were again taken 
supine and erect when the drug effect was at its height 
In 25 (31%) there were significant changes in the electro- 
cardiogram on standing, but neither the kind nor the 
time of appearance of changes was uniform In 4 


temporary A-V rhythm was obscrx cd as a result of change 
of posture In 11 out of 12 changes occurring im- 
mediately on standing could not be presented by dihydro- 
crgotaminc It is concluded that the immediate and 
delayed changes in the cardiogram must be ascribed 
to different mechanisms The former arc due to the 
change of position of the heart and altered contact 
betv ecn the heart and neighbouring structures, the latter 
to the sympathetic ncrxous system acting on the heart 
directly or through the coronary arteries A Schott 

A Clinical and Electrocardiographic Study of Parowsmal 
Ventricular Tachycardia and its Management G R 
Herman's and M R HFjTMAsctk Ann intern Med, 
28, 989-997, May, 1948 

In a heart that is damaged failure may be caused bv 
sudden rapid rate Most hearts in which xentncular 
tachycardia develops have been previously damaged bv 
coronary disease or digitalis A ventricular tachycardia 
is recognized by abnormally broad QRS complexes in the 
electrocardiogram along with an independent atrial 
rhythm 

Twenty patients with ventricular tachycardia are 
reported of whom 14 had coronary- disease with or with- 
out infarction The others had rheumatic heart disease, 
except for 2 in whom no organic disease could be found 
Nine of the 20 were receiving digitalis at the onset of the 
attack In 10 the heart rhythm reverted to normal on 
quinidme Quinidine by mouth in a single oral dose pro- 
duces a maximum concentration in the heart in about 
an hour, being eliminated in 8 hours The largest dose 
used was a total of 5 2 g in 24 hours The method of 
Hepburn and Rykert of intravenous dosage is useful, 
3 5 g of quinidme sulphate m 500 ml of 5% glucose 
intravenously at 100 ml per hour Once normal rhythm 
has been restored, quinidme should be continued bv 
mouth for several days or weeks, the dosage being 
adjusted to prevent premature ventricular contractions 
Morphine intravenously has also been used successfully, 
10 to 40 mg , repeated after half an hour to 2 hours 
Intravenous magnesium sulphate has also been used 
successfully The prognosis is that of the underlying 
cardiac disease In some cases achievement of a normal 
rhythm may not in itself prevent a fatal outcome 

J McMichael 

Experience with the Schemm Regimen in the Treatment of 
Congestive Heart Failure. A A. Newman and H J 
Stewart Arm intern Med, 28, 916-939, May, 1948 

The importance of a low salt intake in controlling 
oedema is now widely recognized It has even been 
shown that, provided the salt intake is low, large amounts 
201 
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of fluid may be taken without increasing cardiac oedema 
Schemm carried this principle to the point of recom- 
mending a very high daily fluid intake with a diet low 
in sodium and yielding a neutral or acid ash residue 
Thirty patients were admitted to hospital for trial of 
this regime Failure to maintain a steady state of 
oedema during a control period led to the elimination of 
21 patients from later analysis In only 9 were the data 
satisfactory The regime alone was without beneficial 
action Five of the patients were quite unable to con- 
sume the large amounts of water recommended More- 
over, the diet was not liked by the majority of patients 
After an adequate trial of the Schemm treatment, the 
condition m 7 patients was found to be much improved 
on a regime of restricted salt, limited fluid and frequent 
administration of mercurial diuretics Analysing critic- 
ally the charts in Schemm s papers, the authors do not 
think that diuresis was achieved on his regime The only 
occasions on which the patients lost weight were when 
mercurials were given J McMichael 


Aortic Stenosis A Study of the Clinical and Pathologic 

Aspects of 107 Proved Cases C W Kumpe and W B 

Bean Medicine, Baltimore, 27, 139-185, May, 1948 
To facilitate the diagnosis of aortic stenosis the authors 
studied the clinical and pathological records of 107 post- 
mortem examinations, in which aortic stenosis with cal- 
cium deposits had been demonstrated in the absence of 
any other valve lesion 

The ages of the patients varied from 10 to 80 years, 
maximum incidence seventh and eighth decades, ratio 
males to females 3 to 1 A history of acute rheumatic 
tever was obtained m two-thirds Thirty four patients 
had chronic congestive fadure, 10 had intermittent bouts 
of failure, and 19 gave a history of an abrupt onset of 
failure shortly before admission Cardiac pain was 
present m only 9 and syncope in 4 The pulse rate was 
accelerated Blood pressure was not characteristic On 
auscultation the aortic second sound was usually absent 
or diminished, a systolic murmur was heard at the base 
in 83% with transmission to the neck in less than half 
Basal diastolic murmurs were heard m one third of the 
cases Similar systolic and diastolic murmurs were 
heard at the apex Basal thrills were felt in 33 cases and 
though usually related m intensity to the degree of stenosis 
they were absent in several severe cases Congestive 
failure was unusually refractive to treatment and was as- 
sociated with much sweating Cardiac pain differed 
from typical angina pectoris in its lack of radiation or 
radiation to the right, its advent after, rather than during 
exercise and its resistance to nitroglycerin It was more 
closely associated with severe aortic stenosis than with 
coronary arteriosclerosis Death occurred suddenly in 
21% of patients, usually after 5 to 30 minutes, in contra 
distinction to the instant death in some cases of myo 
cardial infarction Coronary arteriosclerosis was com- 
mon and was associated with myocardial infarction in an 
appreciable number of cases Arteriosclerosis was 
common in the abdominal and descending aorta but not 

in the ascending , , „ . . , 0/ r 

The condition was diagnosed clinically in only 24% of 


cases, signifying too great an acceptance of the classical 
triad of basal systolic murmur, thnil, and small slonh 
rising pulse iy y Cooke 

The Diagnosis of Mitral Insufficiency in Rheumatic 
Children A G Kuttner and M Markowitz 
Amer Heart J ,35, 718-726, May, 1948 

In order to assess the importance in rheumatic children 
of a loud blowing systolic murmur m the absence of 
demonstrable cardiac enlargement a comparison was 
made of the after-history of 144 children having such a 
murmur with that of 171 similar patients with potential 
and possible heart disease but with not more than a soft 
systolic murmur The average follow up period was 
8 years (5 to 19 years) Those with the loud blowing 
murmurs were more susceptible to rheumatic fever as 
judged by the incidence of recurrences (63% had muluple 
attacks) than were the group with only potential rheu 
matic heart disease (31% had multiple attacks) Sixty 
nine (48%) of those with mitral insufficiency ’ developed 
organic heart disease, and 13 died of rheumatic infection 
and 7 of bacterial endocarditis Only 22 (13%) of the 
patients with potential rheumatic heart disease developed 
it and none died 

These observations suggest that the diagnosis of mitral 
insufficiency, based on a loud blowing apical systolic 
murmur, is justified in children and carries a grave 
prognostic significance H E Hollmg 

Studies on the Coronary Circulation HI Collateral 
Circulation of Beating Human and Dog Hearts with 
Coronary Occlusion M Prinzmetal, H C Berg- 
man H E Kruger, L L Schwartz B Simkin, and 
S S Sobin Amer Heart J , 35, 689-717, May, 194S 
Several methods of study were used in this investigation 
Red blood cells labelled with radioactive phosphorus 
were injected into moribund patients shortly before 
death At necropsy the heart was removed and the dis 
tnbution of the radioactive cells was quantitative!} 
determined by the Geiger counter and radio-autographs 
Five hearts were studied, 2 normal and 3 from patients 
with myocardtal infarction who died 4 days, 12 days and 
8 weeks after the onset of the attacks Despite certain 
criticisms that may be advanced against these observa 
tions, the authors conclude that m arteriosclerotic hearts 
with myocardial infarction in living man there is a func 
tiomng collateral circulation which allows blood to enter 
all parts of a myocardial infarction, including the central 
portions 

Red cells labelled with radioactive phosphorus were 
injected into dogs at varying times after ligation of the 
anterior descending branch of the left coronary artery 
At various intervals thereafter the hearts were stopped 
suddenly by freezing The distribution of the radio 
active cells was quantitatively determined These obscr 
vations lead the authors to conclude that (a) Blood 
from collateral channels supplies the entire mass ol 
ischaemic myocardium distal to a ligated coronaiy 
artery (A) The ischaemic right ventricular myocardium 
supplied by the ligated artery is better nourished b) 
collateral blood than is a similar portion of the lett 
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ventricle (c) The sub-cpicardial portion of the 
ischemic myocardium is better nourished than the sub 
endocardial region (d) The anastomotic blood con- 
tinues to enter the ischemic myocardium for at least 
30 minutes after coronary artery' occlusion (c) The 
collateral blood supply to the ischemic myocardium is 
an actively circulating one which supplies the entire 
ischemic region 

The observations arc thought to explain in man ( a ) the 
rants of infarction of the right ventricle, (b) the greater 
infarction of the sub-endocardial than of the sub-cpi- 
cardial muscle, (c) the fact that infarcts arc generally 
smaller than the mass of muscle supplied by the occluded 
yessel R T Gram 


The Effect of Occlusive Arterial Diseases of the Ex- 
tremities on the Blood Supply of Serves Experimental 
and Cluneal Studies on the Role of the Vasa Nervorum 
J T Roberts Amer Heart J , 35, 369-392 March 
1948 

In a senes of dogs the blood supply to nerves was 
interfered with in \anous ways — by ligation of the 
nutnent artenes, by stnppmg olf the penneunum by 
compressing and stretching the nerve and by injecting 
air or particulate matter into the artenes The degree of 
ischtemia was assessed by the results of inter-arterial 
injections of dye The interference with blood supply 
was found to alter the function and structure of the nerves 
Clinical studies in man showed that the blood supply to 
penpheral nerves may be reduced by similar processes 
in a number of conditions Sensory and motor changes 
are closely related with the lschamma of the nerves A 
reflex arc for explaining referred pain on the basis of 
neural ischtemia is proposed R T Gram 


The Effect of Artenosclerosis on the Dynamics of Hyper- 
tension in the Aged A Preliminary Climcal and 
Pathological Study of 150 Cases F D Zeman and 
B M Schwartz J Gerontol , 3, 4(M7, Jan , 1948 
The authors report climcal and necropsy findings in 150 
unselected elderly subjects, observed for periods of 
from a few days to 20 years The maximum number of 
blood-pressure estimations on any patient was 57, the 
minimum 1 Blood pressure, taken during routine 
medical visits, was classified as normal (150/90 mm 
Hg), svstolic hypertension (over 150/90 or under), 
systolic and diastolic hypertension (over 150/over 90)’ 
On this basis patients were placed in 4 main groups 
(1) (a) normal, 12% ( b ) mainly normal, occasional 
variations 11%, (2) (a) every systolic reading raised, 
with every diastolic reading normal 13%, ( b ) most 
systolic readings raised, with most diastohes normal, 
fa) 1x1111 pressures raised (except terminally), 
17% (6) occasional variations of this, 11% (4) the 
remaining 9% in whom readings were variable One- 
turd of all males had evidence of coronary occlusion 
irWo ma K r ‘ hC lncidence was much lower Arteno- 
Scre .n° f 21 he a R 0rt V^ P^ cnt 111 ^1 groups but most 
in cronn Hi a , rtenoscler °«s was most marked 

. P Cerebral accidents became commoner as 
blood pressure rose 


Necropsy showed that peripheral resistance increases 
with age, and this factor, with decreased aortic elasticity, 
gives rise to systolic hypertension, which may, however, 
really be a modified systolic-diastolic hypertension 
Pure systolic hypertension occurs when decrease in aortic 
elasticity is greater than increase in peripheral resistance 
The authors stress the need for consideration of cardiac 
cerebral and renal function before a blood pressure level 
is taken as indicative of cardiovascular disease, a nor- 
mal blood pressure in old age is produced by inter- 
action of the above variables, and docs not afTord evi- 
dence of normality Morat; L lntle i 

Heart Disease in Pregnancy D J MacRve J Obstet 
Gutacc Brit Emp , 55 184-198 April 1948 
Heart disease is a common and serious complication of 
pregnancy There was an incidence of 0 8% in 29,713 
patients attending Queen Charlottes Maternity Hospital 
from 1937 to 1946 inclusive, with a mortality of 3% 
In the senes reviewed 1 1% of the maternal deaths were 
due to heart disease 

Pregnancy increases the work of the heart to such 
an extent that a damaged heart may be unable to bear 
the extra strain The most valuable single method of 
assessing cardiac function in these cases is by determining 
the response to the routine of daily life The classifica- 
tion adopted by ’he New York Heart Association is 
recommended Group 1 no limitation of normal active 
life Group 2 slight limitation producing breathless- 
ness at the end or effort Group 3 definite limitation 
necessitating resting two or three times while climbing 
stairs Group 4 heart failure at rest Auricular 
fibrillation is a most serious complication, in the senes 
reviewed of 7 patients with fibrillation 3 died Once 
decompensation occurs in pregnancy the chance of its 
recurring in subsequent pregnancy is great, and termina- 
tion requires consideration This is also advised for 
Group 4 patients and those in Group 3 who in the early 
months fail to respond to medical treatment This con- 
sists of maximum rest with at least 2 hours in the after- 
noon and 12 at night Weekly examinations are advised 
throughout pregnancy Intercurrent infection should 
be treated seriously, and admission to hospital for a week 
of observation at the twenty-eighth week is advised and 
again for the week preceding delivery Vaginal delivery 
is the method of choice with adequate sedatives and 
forceps in the second stage In Group 4 no obstetrical 
treatment should be attempted until the patient is 
thoroughly rested and digitalized 
Cresarean section was performed on 21 patients in this 
group, but its role in patients with heart disease is strictly 
limited, as for example in heart disease with associated 
disproportion The need for sterilization should not be 
used as an argument in its favour 
In these 225 patients with heart disease 1 24 were suffer- 
ing from mitral stenosis, 23 had an associated aortic 
incompetence and 13 had congenital lesions, of which the 
most serious was coarctation In such cases pregnancy 
should be avoided but if it does occur Cssarean section 
is advised as the method of delivery 
The avoidance of infection in the puerperium and the 
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importance of adequate rest are stressed, breast feeding 
was not permitted in Group 3 and 4 patients As most 
of the fatalities occurred in the puerpenum the difficulty 
of giving a prognosis in the early stage of pregnancy is 
mentioned Patients may easily pass from one group 
to the other during the course of pregnancy or labour, 
but the prognosis has greatly improved with better 
antenatal and mtra partum care J Stallworthy 

The Electrocardiogram in Mitral Stenosis with Special 
Regard to its Development A Study of 100 Cases 
H Rasmussen and G Nyhus Acta med scand , 129, 
446-471, Jan 27, 1 948 

The authors state that their object m this study was to 
seek electrocardiographic peculiarities, other than those 
usually described, that might be of value in diagnosis 
One of the authors believed that he had observed, in a 
previous study of the cardiogram in diseases of the 
left side of the heart, progressive changes leading to a 
left bundle branch block It was therefore possible that 
similar changes might be found in disease affecting 
chiefly the right side of the heart 
Serial studies of the electrocardiograms of 100 patients 
and of the size of the heart show that the cardio- 
graphic changes and increase m the size of the heart 
appear simultaneously during the progress of the disease 
Retardation of the impulse to the right ventricle is held 
to be decisive for the cardiographic development 
The retardation may cease in the stage with low R, or 
may progress until a maximal right ventricular retarda- 
tion curve appears, ending with right bundle-branch 
block The latter occurs m the same proportion of cases 
as does left bundle branch block in left heart disease 

Donald Hall 

The Arterial Oxygen Saturation In Cyanotic Types of 
Congenital Heart Disease G E Montgomery, 

J E Geraci, R L Parker, and E H Wood Proc 
Mayo Clin, 23, 169-176, April 14, 1948 
This communication deals with the application of the 
oximeter to measurements of oxygen saturation of the 
blood The oximeter used was that described by Millikan 
in 1942 and fitted with a photo-electric colorimeter 
The oxygen saturation of the blood is measured directly 
by fitting the apparatus on to the human ear The first 
study was concerned with the oxygen saturation of the 
blood in 25 patients with congenital cardiac defects of the 
cyanotic group, 19 healthy subjects served as controls 
Readmgs of oxygen saturation of arterial blood were 
taken and the effects of breathing 100% oxygen, change of 
posture, and exercise were particularly noted 

With the patients breathing pure oxygen the arterial 
saturation increased by from 2 to 16 points %, while 
in the normal controls this was only increased by from 
1 to 5 points The effect of walking less than 2 miles an 
hour diminished the arterial oxygen saturation by from 
3 5 to 19 points % in the patients while the maximum in 
the normals was only 2 points % 

Interesting data are given on 1 patient with the 
tetralogy of Fallot, who, when exercised on the treadmill 
for 5 minutes at 1 7 miles per hour, showed a fall of 


arterial oxygen saturation from 80% to about 50% in a 
normal subject m the same circumstances the oxygen 
saturation increased slightly 
The second part of the paper deals with the determina 
tion of arterial oxygen saturation at rest and during 
exercise in 8 cyanotic patients This was done both 
by the Van Slyke method and by oximeter readings 
The results were then compared and it was found that 
the average decrease in saturation on exercise was 19 5% 
by the Van Slyke method, while the simultaneous 
oximeter readmgs indicated a 13 3% decrease Thus the 
discrepancies are large, but, as the authors say, “ the 
instrument is still of considerable value in estimating the 
degree of disability of a patient and in judging the efficacy 
of corrective surgical procedures in such patients ’ 
Suitable data are given m support of these statements 

A J Snchrtt ka\e 


Electrokymographlc Studies of Asynchronlsm of Ejection 
from the Ventricles Normal Subjects and Patients 
with Bundle Branch Block G F Ellinger, F G 
Giluck B R Boone, and W E. Chamberlain 
Amer Heart J , 35, 971-979, June, 1948 
Analyses of electrokymograms indicate that, in normal 
subjects, asynchronous ventricular ejection is more 
frequent than synchronous ejection Jn patients with 
left bundle branch block ejection from the right heart and 
in patients with right bundle branch block ejection from 
the left heart precedes that of the opposite side by a 
significantly longer time than m normal subjects 

J? T Grant 


The Effect of Spinal Anesthesia on the Renal Ischemia m 
Congestive Heart Failure R. Moxotoef and G Ross. 
J elm Invest , 27, 335-339, May, 1948 12 refs. 

High spinal amesthcsia caused no significant changes 
m renal plasma flow and glomerular filtration rales in 
11 cases of chronic congestive heart failure. The 
ischaemia with vasoconstriction associated with this 
condition cannot be attributed, therefore, to neurogenic 
stimulation following a fall in cardiac output 

E F McCarthy 


Oxygenation Studies in Congenital Pulmonary Stenous. 
An Application of Recording Oximetry in the Evaluation 
of Cardiorespiratory Function G Gulxickson, J 
Elam, H Hammond, J R Paine, and R L Varco. 
Amer Heart J , 35, 940-947, June, 1948 
In 10 cases of the tetralogy of Fallot the nrtcnal oxygen 
was estimated by a recording oximeter before, during an 
after operation for the establishment of a 
pulmonary arterial shunt The chief findings were a 
(1) a nse in arterial oxygen saturation occurs practical y 
immediately on the establishment of the shunt, (2) as 
result of the operation the saturation time upon a mini 
tration of 100% oxygen is greatly shortened 

R j Or ota 
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Hypertension and coronary' sclerosis have been 
the subject of extensive study, set they have many 
aspects that are still poorly understood In the 
present work we have tried to ascertain how far 
they are dissociated and how far they overlap, and 
in particular we have studied their effects on the 
circulatory capacity of the coronary tree by injection 
and radiography 

Over a period of four years, from 1935 to 1939, we 
maefc a careful clinical study of most of the cases of 
ischaimic and hypertensive heart disease admitted 
to the wards of the Hammersmith Hospital A total 
o 189 cases was analysed, of which 55 per cent 
were hypertensive, 30 per cent were ischaimic, and 
per cent were mixed Sooner or later some of 
these cases came to autopsy and so provided our 
chief material 

Each patient was classified m an arbitrary fashion, 
on clinical grounds, before the necropsy was made ’ 
nose with angina pectoris or with myocardial 
infarction being considered to have ischamuc heart 

fw 5 ® the level of the b,00d Pressure, 

those with high blood pressure and without angina or 

E.T aI V" rarc ‘ ,on bel "' io taw 

hypertensive heart disease 

nn?h e ,l'T S1S ° l fang ‘ na pectons was made entirely 
on the history, that of myocardial infarction rested 
on we '-known electrocardiographic catena Only 
p lents with systolic blood pressures over 200 mm 

to h dlaS t,° 1C bI °° d pressures over 100 mm , known 
o have been persistent, were included in the hyper- 

hv scncs 1° all there were twenty-seven 
hypertensive and fifteen ischaimic cases In add, 
tion twelve normal hearts were Sded ,n the 
P S ,b 8,C t 1StUdytOServe as controls 
facing 11 h0PC ° f leamin S something about the 

SSSrSs 


divide the cases into subgroups Subdivision of the 
fifteen ischxmtc cases proved too difficult, however, 
and was finally abandoned in favour of Table I, 
for it was not clear whether a profitable subdivision 
should be based on the height of the blood pressure, 
on the duration of myocardial ischemia, or on the 
duration of heart failure, moreover, the blood pres- 
sure was not known prior to myocardial infarction 
in some instances 

The twenty-seven hypertensive cases, which 
followed a simpler course, were subdivided according 
to their stage of development when death inter- 
vened as follows 

(1) No cardiac symptoms Cases 24, 47, 60 and 
69 Death was from pulmonary embolism in 
Case 24, from cerebral hxmorrhage in Case 47, and 
from uramia in Cases 60 and 69 

(2) Effort dyspnoea only Cases 23, 36, 39, 43, 44, 
and 65 Death was from cerebral haemorrhage in 
Cases 23 and 44, from herniotomy in Cases 36 and 
39, from pneumonia in Case 43, and from hsma- 
temesis from peptic ulcer in Case 65 

(3) Left ventncular failure Cases 11, 13, 19, 41, 
45, and 68 Death was from cerebral haemorrhage 
m Case 11, from uramia in Cases 13, 19, 41, and 45, 
and from bronchopneumonia in Case 68 

(4) Full course— death in congestive heart failure 
Cases 8, 32, 38, 58, 62, and 63 followed previous 
manifestations of left ventncular failure, Cases 28, 
48, 49, 50, and 53 had no such previous manifesta- 
tions 


Clinical Features 

Owing to the arbitrary nature of the clinical 
grouping, the complaint was necessanly one of pain 
in those with ischemic heart disease m ten it was 
the presenting feature, but in five it was less evident 
than dyspnoea For the same reason pain was not 
present in the hypertensive group, except in an 
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TABLE I 
Iscmmic Cases 


Case No 

B P 

Duration of 
angina 
(months) 

Duration of 
myocardial 
infarction 
(months) 

Duration of 

L V failure 
(months) 

Duration of 
congestive heart 
failure 
(months) 

17 

- 

nil 

<1 

<1 


22 

+ 

24 

24 

24 


25 


24 

10 

ml 

ml 

29 

+ 

30 

<t 

nil 


30 

+ 

ml 

20 

18 

1 5 

37 

— 

i 

1 5 

25 

25 

40 

— 

ml 

9 

8 


42 

+ + 

18 

nil 

nil 


46 

+ 

24 

15 

terminal 

terminal 

51 

+ 

nil 

<1 

terminal 

terminal 

52 

— 

24 

24 

3 

3 

55 

+ + + 

12 

ml 

36 

terminal 

66 

— 

60 

<t 

<1 

terminal 

70 

— 

12 | 

<i 

<1 

<1 

73 


6 1 

i 

1 1 

) 

1 


Weight of 
patient 


12 st 61b 
6 st 71b 


8 st 71b 

13 st 1 lb 

9 st 4 lb 
lOst 01b 
12 st 61b 
lOst 21b 
12 st 91b 
11 st 01b 


Note 


i-iuic —i ne blood pressure is recorded as + when it was in the region of 160-180/80-100 at its highest In Case 42 
it was higher than this, but only for a short time. Case 55 was originally classed as hypertensive, but had to be trans 
ferred to the ischtemic group owing to the development of angina Case 37 was complicated by rheumatic heart 
disease with organic mitral incompetence 


atypical form which will be described later, but 
dyspnoea was invariable in those with cardiac 
symptoms 

There was a high incidence of rheumatic fever in 
both groups, four out of fifteen with ischtemic heart 
disease, and six out of twenty-seven with hypertensive 
heart disease In two of each group the first attack 
had been m childhood, but in the remainder it had 
occurred in the third and fourth decades, and from 
the description might well have been rheumatoid 
arthritis There was nothing else of significance in 
the previous history 

Personal and family history The back-ground of 
these patients — their environment m childhood and 
later life, their private fives, their occupations, them 
relaxations, them habits and them reactions to the 
world in which they lived — seemed ordinary 

Cardiovascular disease was described m one or 
other or both parents in four of the ischremic and 
in three of the hypertensive patients, but its exact 
nature, whether ischremic or hypertensive, could not 
be ascertained 

Sex and age There were twice as many males as 
females in the ischiemic group, whereas the pro- 
portion was equal m the hypertensive group This 
difference is significant and well known It was even 
more conspicuous in the larger clinical senes The 
sex distribution of the mixed cases was the same as 
of those with hypertension 

In the ischaemic group the average age for the 
men was 57 and for the women 68, m the hyper- 


tensive group the figures were 59 and 55 respectively 
The point of interest is the older age of women with 
ischaemic heart disease This, too, is now well 
known 

Duration and onset The average duration of 
fife from the onset of cardiac symptoms was 1 9 years 
for those with ischicmic heart disease, and 2 2 years 
for those with hypertensive heart disease Since 
the period during which these mvestigafions were 
carried out was only about four years, and since only 
those cases that died were included m the senes, 
these figures do not indicate the true prognosis of 
the diseases in question 

Seven of the ischrerruc cases began with angina 
pectoris, four with dyspnoea on exertion Of those 
with dyspnoea, one had rheumatic heart disease and 
another had hypertensive heart disease as well as 
occlusive coronary atherosclerosis Thus only 
two of those with pure ischaimic heart disease 
started them symptoms with dyspnoea 

In the hypertensive group, on the other hand, 
seventeen out of twenty-three with cardiac symptoms 
complained first of breathlessness, the initial 
symptom was fatigue m four of the remainder, and 
dropsy in the other two 

Course Six ischmmic patients recovered sum 
ciently after the onset of cardiac symptoms to resume 
work without distress The duration of this i m 
provement was six months to two years The work 
undertaken was not fight, and one of them worked 
as a navvy for a year after his first myocardial 
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infarction Thirteen out of the fifteen lschxmic 
cases de\ eloped myocardial infarction sooner or 
later, the two that died without this development 
were complicated, one by polycyth$mia vera, the 
other by hypertensive heart disease Six patients 
had paroxysmal cardiac dyspnoea following myo- 
cardial infarction, and five of these later developed 
systemic congestion Two others had heart failure 
with systemic congestion without evidence of pre- 
ceding left ventricular failure 

In the hypertensive group recovery of function 
was rare after the onset of cardiac symptoms, and 
was observed in only two out of twenty-three 
patients Both experienced acute pulmonary' oedema 
on unaccustomed effort, and subsequently recovered 
to the extent that they remained free from all 
symptoms for several months, even though they 
earned out their normal duties In the remainder 
the condition steadily detenorated 

The full course of hypertensive heart disease was 
witnessed in six patients effort dyspnoea pro- 
gressed to left ventncular failure at rest, and this 
was followed by failure with systemic congestion 
The average duration of life after cardiac symptoms 
appeared was two years and one month, the range 
being six to forty-eight months 
Five cases gave no history of orthopnoea or 
paroxysmal cardiac dyspnoea, but after a period of 
effort dyspnoea developed heart failure with systemic 
congestion Occasionally, the initial symptom was 
dropsy The average duration of life from the 
onset of cardiac symptoms was two years and five 
months in this group, the range being six to eighty- 
four months 

Six patients died from non-cardiac causes at the 
stage of left ventncular failure — four from urarrua, 
one from cerebral hicmorrhage, and one from 
bronchopneumonia The duration of cardiac 
symptoms in this group was twelve months (1 to 
24 months) 

Six patients died from non-cardiac causes at the 
stage of effort dyspnoea — two from cerebral hsemor- 
rhage, two following herniotomy, one from pneu- 
monia, and one from haematemesis due to peptic 
ulcer The average duration of cardiac symptoms 
was two years and three months (1 to 84 months) 
The remaining four cases had no cardiac symp- 
toms Two died with uraemia, one from cerebral 
haemorrhage, and one from pulmonary embolism 
Thus the courses of ischaemic and hypertensive 
heart disease were similar m that left ventncular 
failure usually preceded failure with systemic con- 
gestion, they were dissimilar in that temporary 
recovery of function followed the onset of cardiac 
symptoms in about a third of the ischaemic cases, 
whereas steady deterioration charactenzed those 


with hypertension It is interesting and important 
that only one patient initially classed as hypertensive 
was transferred later to the ischaimic group because 
of the development of angina pectons or myocardial 
infarction 

Incidents in the Course of Hypertensive 
Heart Disease 

During the course of hypertensive heart disease 
certain events were observed that deserve special 
comment, for their significance was clinically 
obscure Pathological studies clarified some of 
them 

Case 8 At one stage this man was severely 
constipated, and developed atypical chest pain fol- 
lowed by a lower blood pressure than usual, by a 
weaker cardiac impulse, and by left ventricular 
failure The electrocardiogram showed low voltage 
QRS complexes and fiat T waves in all leads At 
necropsy, the heart showed marked left ventncular 
hypertrophy and weighed 695 g In the skiagrams 
the coronary artenes appeared to be slightly smaller 
than those seen in other hypertensive hearts of 
similar weight, and their outlines were rather 
irregular, there were, however, no points of severe 
narrowing The cardiac muscle showed patchy 
fibrosis at the base of the left ventricle postenorly 
The attack may have been due to temporary coron- 
ary insufficiency (Master et al , 1947) 

Case 19 For two years in this case there was 
frequent complaint of an ache behind the right 
shoulder, aggravated by exertion, and sometimes 
accompanied by a dull heavy ache in both arms 
Latterly it was never mentioned At autopsy, the 
left ventricle was hypertrophied and the heart 
weighed 480 g Skiagrams showed coronary artenes 
of good size and with smooth outlines There was 
no evidence of coronary narrowing nor of myo- 
cardial damage It is concluded that the pain was 
not ischaemic 

Case 24 Six weeks before death this woman 
was seized with substemal pain, accompanied by 
pallor, sweating, cold skin, marked drop m blood 
pressure, and slight haemoptysis Serial cardio- 
grams revealed the charactenstic pattern of massive 
pulmonary embolism The heart weighed only 
340 g The coronary artenes were larger than 
normal There was no sign of coronary narrowing 
or myocardial damage The presence of a relatively 
recent massive pulmonary embolism was confirmed 

Case 51 This man’s symptoms began with acute 
pulmonary cedema after climbing some stairs He 
was admitted with the diagnosis of acute myocardial 
infarction, but there was no convincing evidence of 
this Cardiograms, however, were not obtained 
The heart weighed 495 g Skiagrams showed the 
coronary artenes to be narrowed with irregular 
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outlines There was complete occlusion of the 
right recurrent branch, and a recent infarct at the 
base of the left ventricle posteriorly The original 
diagnosis was correct and subsequent clinical judg- 
ment at fault 

Case 38 While in hospital this patient had an 
attack of severe substemal pain Pallor and cold- 
ness of the skin were associated, and pericardial 
friction was heard later But the blood pressure did 
not alter, and there were no electrocardiographic 
changes The heart weighed 738 g There was 
an organizing fibnnous pericarditis Skiagrams 
showed the coronary arteries to be large with smooth 
outlines There was no narrowing and no myo- 
cardial damage Pericarditis was responsible for 
the pain 

Case 53 This woman had severe attacks of 
paroxysmal cardiac dyspnoea associated with syn- 
cope and substemal pain or choking She also had 
attacks of left breast pain which radiated down the 
left arm and lasted two days When the venous 
pressure was high she complained of pracordial 
tightness, this was twice relieved by venesection 
The heart weighed 555 g Skiagrams showed 
coronary arteries of good size with smooth outlines 
There was no narrowing and no myocardial damage 
Pain might have been due to transient coronary 
insufficiency associated with left ventricular failure 

Case 63 After partial recovery from left ven- 
tricular failure this man was pulled up on effort by 
a choking sensation in the throat accompanied by 
vague pnecordial pain Dyspnoea always preceded 
this sensation Rest brought quick relief The 
heart weighed 900 g (the largest m the series) 
The coronary arteries were greatly enlarged and 
showed smooth outlines free from any points of 
narrowing Histologically the myocardium was 
healthy except for a few microscopic points of 
fibrosis at the apex and base of the left ventricle 
The fibrosis was focal and of the type frequently 
seen with myocardial ischaemia The findings sug- 
gest that m spite of their enlargement the coronary 
arteries may have been inadequate to supply the 
enormous bulk of cardiac muscle, and pain may have 
been due to relative coronary insufficiency 

Case 65 This woman, during the last two months 
of her life, developed substemal pain on effort, 
radiafing to the right side of the neck, to the axillae, 
and passing down the inner sides of both arms to 
the elbows It lasted ten minutes or so, and was 
associated with numbness and whiteness of the right 
hand for about twenty minutes It was worse in 
cold weather, and was relieved by rest The heart 
weighed 450 g Skiagrams showed the coronary 
arteries to be of good size and free from narrowing 
The myocardium showed no damage Coronary 
spasm was probably responsible for the pain 

It is concluded that atypical thoracic pain in the 
course of hypertensive heart disease may be due to 


relative coronary insufficiency associated with left 
ventricular failure, to coronary spasm, to massive 
pulmonary embolism, or to pericarditis 


Mode of Death 

Thirteen of the fifteen ischaemic cases died from 
the disease itself — ten of them abruptly and, in a 
sense, unexpectedly, and the other three slowly m 
congestive heart failure 

In contrast, only eleven of the twenty three 
hypertensive cases with cardiac symptoms died from 
heart disease Only two died suddenly — one with 
a dissecting aneurysm of the aorta, the other while 
under the influence of too much digitalis The other 
nine died slowly in congestive heart failure, and 
continuous cardiograms at the time of death in three 
of them showed that the mechanism was not \en 
tncular fibrillation or sudden standstill, but a slowly 
increasing depression of conduction 

Symptoms and Signs 

Cerebral symptoms Symptoms resulting from 
disturbances of the cerebral circulation, apart from 
Cheyne-Stokes breathing, which was associated with 
heart failure in both groups, were confined to the 
hypertensive cases, with the exception of one patient 
with ischaemic heart disease who had a stroke 
The following conditions were noted blurring of 
vision due to papillcedema (4 cases), sometimes pro- 
gressing to blindness (2), severe headaches (6), 
mental deterioration (4), cerebral haemorrhage (4), 
cerebral thrombosis (4), and hypertensive en 
cephalopathy (1) 

Renal s j mptoms Nocturia occurred in five of the 
ischaemic and in twelve of the hypertensive cases 
Uraemia developed in six of those with hypertension, 
but not in the others 

Peripheral i oscular symptoms Two of the 
hypertensive group exhibited the Raynaud pheno- 
menon, and one intermittent claudication Symp 
toms of peripheral vascular disease were not present 
in the patients with ischaemic heart disease 

Bod v-n eight In the ischaemic group bod> 
weights ranged from 6 s tone 7 pounds to 13 stone 
7 pounds, and on the whole were average Of the 
women, two were unduly obese and two were undu ) 
thin, of the men only one weighed more than 
13 stone 

In the hypertensive group, six patients were vet) 
obese, their weights ranging between 14 an 
22 stone In twelve cases there was considerate 
loss of weight (1 to 7 stone) 

Cardiac rh) thm The rhythm was norma/ in ten 
of the fifteen ischaemic cases permanent auncui 
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fibrillation was present in one, parox>smal auricular 
fibrillation in three, paroxysmal auricular flutter in 
two, and paroxysmal tach>cardia in one These 
seven rhythm changes occurred in five different 
patients The fact is stressed that permanent 
auricular fibrillation occurred in onl> one case, 
indeed it only occurred once in the larger clinical 
senes of fifty-six cases 

In the hypertensive group the rh>thm was normal 
m twenty-one instances, auricular fibnllation oc- 
curred in the remaining six and was permanent in 
five of them Other rhythm changes were not 
observ ed Permanent auncular fibnllation occurred 
in 10 per cent of the larger senes 
Of the six patients with auncular fibnllation, four 
had heart failure, or, putting it in another wa>, 
four out of eleven patients with heart failure had 
auncular fibnllation Again, out of sixteen hyper- 
tensive patients without heart failure, only two had 
auncular fibnllation 

Contrasting the two groups it is seen that auricular 
fibnllation is more common in hypertensive than in 
ischaemic heart disease 

Cardiac impulse The character of the cardiac 
impulse was descnbed as forceful or thrusting in 
only three of the fifteen patients with ischaemic 
heart disease Usually it was impalpable In the 
hypertensive group, on the other hand, it was 
descnbed as heaving m nineteen This difference is 
considered significant and important 

Vahes Apart from one patient with organic 
mitral incompetence, due to concomitant rheu- 
matic heart disease, there were no valve lesions in 
the ischasmic group Aortic incompetence, how- 
ever, occurred in four of those with hypertensive 
heart disease It might be better descnbed as an 
aortic leak, and appeared to be due to dilatation of 
the aortic ring resulting from high blood pressure 
There was no pcnpheral vascular evidence of 
reflux and the diastolic blood pressure was not 
lowered Seven patients had a mitral systolic 
murmur, and two had a soft mitral diastolic murmur 
Both types of murmur were attributed to dilatation 
of the left ventncle 

Fundi Apart from one patient with a combina- 
tion of hypertensive and ischsmic heart disease 
and one with a single small exudate, the fundi were 
normal in the ischaemic group In those with 
hypertension, on the other hand, marked hyper- 
tensive retinopathy with papilloedema, exudates, and 
hxrnorrhagcs occurred m seven instances, exudates 
and hamorrhages without papilloedema m one, and 
cither exudates or hamorrhages alone in two others 
, 1 may be concluded that significant changes in 
he fundi are part of the hypertensive picture and 
do not occur m association with ischamic heart 
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disease in the absence of diabetes (there were no such 
cases in this series) 

Peripheral arteries In eight out of the fifteen 
ischaimic cases the pcnpheral arteries were hardened 
Eleven of the tvvcnt> -seven patients with hyper- 
tension had similar vessels, in the remainder the 
artcncs were unduly firm and rubbery, but could 
not be descnbed as hard 

X-ra\ appearances The hearts of ischrcmic 
cases were enlarged only when there was evidence 
of past or present failure, hypertension, or some 
other form of heart disease Since only one patient 
had permanent auricular fibrillation it is not possible 
to comment upon the effect of this rhythm on the 
size of the ischaemic heart, for in that one case 
there was concomitant rheumatic heart disease 
with organic mitral incompetence No instance of 
cardiac aneurysm was observed, but absence of 
pulsation in the region of the infarct was sometimes 
noted Following heart failure (all those with 
failure had myocardial infarction), an enlarged 
cardiac shadow was always seen, the left ventncle 
being mainly involved 

In the hypertensive group the largest heart 
shadows were those associated with congestive 
failure Cases without symptoms, or with effort 
dyspnoea only, showed slight to moderate enlarge- 
ment of the left ventncle 

It is concluded that uncomplicated lschsemic heart 
disease does not cause cardiac enlargement, that 
uncomplicated hypertension causes hypertrophy 
of the left ventricle, and that heart failure is respon- 
sible for maximum cardiac enlargement in both 
groups 

Electrocardiograms In the ischiemic group 
cardiographic changes were those of myocardial 
infarction when present The features indicated 
antenor infarction m the first instance in seven, and 
posterior in four Two showed signs of both an- 
terior and posterior infarction, and two had normal 
curves 

In the hypertensive group sixteen out of twenty- 
four showed left axis deviation with depression of 
the RS-T segment in lead I, and of these eight also 
showed inversion of the T wave in lead I, and three 
inversion of the T wave in leads I and II Two 
patients had left bundle-branch-block Two had 
left axis deviation without other changes In the 
remaining four there was no axis deviation but there 
was inversion of the T wave in lead I (Case 49), 
in leads I and II (Case 8), in leads II and IU (case 69), 
and in leads I, H, and III (Case 19) All those with 
heart failure showed significant changes 

It is concluded that left axis deviation with depres- 
sion of the RS-T segment with or without inversion 
of the T wave m lead I, or m leads I and II, is the 
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typical cardiographic pattern of severe hypertensive 
heart disease this pattern was not observed in a 
single case of myocardial ischaemia In cases of 
old-standing anterior myocardial infarction with 
persistent inversion of the T wave in lead I, there was 
no depression of the RS-T segment 

The hypertensive pattern with T I inverted was 
found m a third of the hypertensive group and in 
two out of twenty-eight mixed cases in the larger 
clinical series 

Blood pressure The average blood pressure of 
six. ischaemic cases prior to myocardial infarction 
was 180/95 after infarction the average pressure m 
eleven cases was 125/80 In the majority many 
readings were obtained the highest average figure 
following infarction was 160/110 In two patients 
the blood pressure was taken immediately after an 
attack of myocardial infarction and was found to be 
elevated in both these cases it dropped slowly 
following the initial rise and did not reach its lowest 
level until the third or fourth day This delayed fall 
of blood pressure following myocardial infarction, 
with or without an initial rise, has been observed 
repeatedly in other cases in the clinical series 
Attention is drawn to this fact and also to the 
frequency of moderate elevations of blood pressure 
found in ischsemic heart disease prior to myocardial 
infarction, elevations that are rarely accompanied 
by enlargement of the heart Of fifty-six cases in 
the clinical senes the blood pressure was less than 
165/95 in 74 per cent 

The blood pressures of the hypertensive cases 
were necessarily high owing to the arbitrary classi- 
fication employed The average range was 245/140- 
190/115 The highest individual figure was 300/170, 
and the lowest 1 10/80 There were several features 
of interest 

First, there was no case m which the blood pres- 
sure was observed to drop as a result of heart failure 
A terminal fall was common, but heart failure had 
often preceded this by weeks, months, or years 

Secondly, when the blood pressure fell much 
there was usually an obvious cause This was 
haemorrhage in one case, shock from a strangulated 
hernia in another, massive pulmonary embolism 
in a third, and impending death m two others 

Thirdly the onset or cessation of auricular fibril- 
lation, which was observed in Case 38, did not 
effect the blood pressure, whether there was heart 
failure or not (when there was fibrillation the pres- 
sure recorded was that at which most of the beats 
came through, and not the maximum pressure which 
was always higher) 

Fourthly, two patients usually had normal pres- 
sures when at rest in bed, whether in heart failure or 
otherwise, but when up and about the figures 


climbed to over 200/ 1 1 0 with or without heart failure 
One of these patients lived for seven years following 
the onset of cardiac symptoms— a record for the 
senes 

Rena! function No case of pure ischamic heart 
disease was complicated by serious impairment 
of renal function as judged by urine concentration 
and by the urea clearance test In the whole 
ischaemic group there was only one case with bad 
renal function, and that was a case with associated 
hypertensive heart disease Even albuminuria was 
very rare apart from heart failure 

The hypertensive cases, on the other hand, fre 
quently showed considerable impairment of renal 
function, and six of them died with uraemia Twelve 
out of twenty-seven had less than 44 per cent of 
normal renal function as judged by the urea clear 
ance test Albuminuria occurred in all but one, 
granular casts were found in seven, there was con 
siderable impairment of unne concentration m ten 

It may be concluded that impairment of renal 
function is a feature of the hypertensive state, and is 
unrelated to ischaemic heart disease 

Blood count There was not a single case with 
anaemia in the ischmmic group, but there were two 
with polycythtemia In contrast to this, nine 
hypertensive patients were anaemic, the red cell 
count being under 4,000,000 per cmm, or the 
haemoglobin being under 60 per cent 


Difference between Ischemic and 
Hypertensive Heart Disease 

The chief differences between ischaemic and 
hypertensive heart disease are shown in Fable U 
The evidence is based on the clinical features alone, 
and will be reviewed later m the light of the autopsy 
findings which were not known when the table was 
compiled 

Pathological Findings 

To obtain the desired pathological information, a 
technique had to be devised that would enable us 
to form an accurate estimate of the capacity of the 
coronary lumma during life, to trace the exact 
position of any vascular or myocardial lesions, and 
to preserve the tissues for histological study » 
was decided that these requirements would be met 
by injecting the coronary arteries with a radio- 
opaque gel, followed by radiography and subse 
quent clearing of the whole heart after the memo 
of Gross (1921) In order that the degree ol 
vascular distension should be comparable with tha 
obtained during life, all cases were injected at the 
known diastolic pressure of the patient The on y 
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TABLE II 


The Chief Differences between IscH/EMic and Hypertensive Heart Disease 


Feature 


Ischemic cases (15) 


Hypertensive cases (27) 


Complaint 

Sex 

Age 

Onset 

Course , 


Mode of death 
Symptoms from disturbances 
of the cerebral circulation 


Renal failure 


Fundi 

Blood count 

Rhythm 
Cardiac impulse 

Valves 

Blood pressure 
X-ray 


Electrocardiogram 


Pam 

Male femalc=2 I 
Males as 56 5 years 
Females a\ 67 S >ears 
Dyspnoea in 20% 

Usually pain 

Temporary good recovery in 40% 
Mvocardial infarction in 13 out of 15 

Cardiac death 13/15 (abrupt 10/13) 
Rare apart from cerebral thrombosis 


Very rare 

Renal function tests usually good 
Albuminuria rare apart from heart failure 
Normal in all but one 
Anaemia did not occur 
Polycythaemia in 2 
Permanent auricular fibrillation 1 
Forceful or heaving in 3, usually im- 
palpable 
Normal 

Average 180/95 before infarction 
Average 125/80 after infarction 
Normal prior to heart failure 

Always enlarged after development of 
heart failure 

Normal or typical changes of myocardial 
infarction 

The pattern described in the hypertensive 
column was not seen in a single case 


| Breathlessness 
i Male femalc=I 1 
| Males av 59 2 years 
I Females av 54 6 years 
Dyspncca in 75% 

Sometimes fatigue or dropsy 
Temporary good recovery in less than 10% 
Development of infarction necessitating 
change of classification — 1 case 
Cardiac death in 1 1/23 (abrupt 2/1 1) 

! Blurring of vision 4 

! Blindness 2 

I Severe headaches 6 

Mental changes 4 

Cerebral hemorrhage 4 

Cerebral thrombosis 4 

Six died with uremia 
Van Slyke less than 44% in 12 out of 27 
Albuminuria in all but one 
Hypertensive retinopathy in 10 out of 27 
Anemia in 9/27 

Permanent auricular fibrillation 5 
Heaving in 19, usually located with ease 

Aortic leak m 4 

Av range 245/140 to 190/1 15 

Slight to moderate enlargement prior to 
heart failure 

Considerably enlarged after development 
of heart failure 

Left axis deviation with depression of the 
RS-T segment with or without inversion 
of the T wave, usually in lead I alone, 
t sometimes in leads I and II, m 75% 


exception to this was in the case of normal controls 
in which the blood pressure was not known In 
these cases a standard pressure of 90 mm Hg was 
used 

The apparatus (Fig 1) consisted of a simple fluid 
column leading down from an adjustable container 
and connected to a mercury manometer This was 
filled with warmed normal saline and served to 
wash out the blood from the coronary vessels and 
also to supply the required head of pressure for 
injection The fluid column lead directly to a Y 
piece connected to two cannula; for perfusing the 
bc^rt, but was connected also to a shunt circuit 
containing two bottles, one to act as a pressure 
chamber and the other to contain the injection mass 
When this circuit was shut off, the apparatus per- 
fused saline through the coronary vessels, but when 
the direct circuit was closed and the shunt circuit 
opened, the saline displaced the air from the pres- 
sure chamber into the bottle containing the injection 


mass, driving the latter into the cannul® The 
banum-gelatine injection mass was prepared accord- 
ing to the technique of Gross 
Procedure At autopsy the heart was carefully 
dissected out, clots were dislodged and the heart 
weighed It was then placed in normal saline and 
left at room temperature until it was injected a few 
hours later (usually three hours) The proximal 
parts of both coronary arteries were then defined 
and under-run with ligatures Two cannula: were 
then tied m, the whole manoeuvre being earned out 
under water at 37° C This warmed the heart to 
body temperature and also prevented any bubbles 
entering the coronary artenes The heart was then 
perfused with normal saline at 37° C until the fluid 
issuing from the coronary sinus was relatively clear 
(about 1 minute) The circuit was then changed, 
and the warm gelatine mass injected at the same 
pressure When the mass could be seen to have 
entered the fine artenoles m the pericardium, the 
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Fig 1 —Apparatus used for injecting the coronary circulation with barium gel 
For description see text 


heart was placed in iced water until the gelatine 
had set, and then transferred to a bath of formol- 
saline for 24 hours Stereoscopic skiagrams were 
then taken according to standard technique The 
heart was then returned to formol-sahne and left to 
fix for about ten days Next, four routine blocks 
of myocardium were excised and frozen sections 
stained for fat These were taken from the apices 
of the left and right ventricles anteriorly and from 
the bases of the ventricles posteriorly Special 
blocks were also taken from other sites as indicated 
The heart was then passed through increasing 
concentrations of alcohol from 30 per cent to 


absolute alcohol, in steps of 10 per cent, remaining 
about three days in each bath By this means 
complete dehydration was obtained in about three 
weeks 

Old used alcohol was utilized for the lower con- 
centrations, fresh absolute alcohol being employed 
only for the final one or two baths This proved 
satisfactory and saved considerable quantities of 
alcohol When the heart was dehydrated it was 
transferred to a bath of used methyl salicylate and 
later to fresh methyl salicylate By this means the 
tissue was rendered relatively transparent The 
coronary vessels, which stood out clearly owing to 
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the presence of the opaque injection mass, could 
thus be studied in detail and compared with their 
skiagrams 

Blocks for section were then taken from the 
major coronary vessels (8 or more) and from the 
myocardium (5 or more) The myocardial blocks 
were obtained from five standard sites the anterior 
apical and posterior basal parts of the right and left 
ventricle, and the upper anterior part of the mter- 
\entncular septum Additional blocks were taken 
from any other sites that showed anatomical 
changes The blocks were washed in chloroform 
over night and embedded in paraffin 

Results 

Normal controls Twelve normal controls, repre- 
senting each decade of life from the third to the 
eighth, were examined by the standard technique 
(Fig 3 and 7) In no case was there any evidence 
of heart disease or of high blood pressure either 
during life or at autopsy The details of the cases 
are given m Table III It is not proposed to discuss 
m detail the normal findings in injected hearts 
This has already been done by Gross (1921) and in 
so far as the normal anatomy of the coronary tree 
is concerned, our findings are in agreement with his 
But we would add the important observation that 
coronary atheroma is compatible with an apparently 
normal lumen In all twelve of this senes the 


skiagrams showed normal coronary outlines (Fig 3), 
yet coronary atheroma was subsequently discovered 
in five, and was severe in three In this connection 
it should be noted that the size of the coronary lumen 
in a paraffin section gives little or no indication of 
its real size during life It was repeatedly noted both 
in normal and pathological hearts that where 
sections showed coronary narrow'ing, skiagrams 
might reveal no abnormality 

It is of course open to question how far such 
skiagrams reflect the state of the vessels during life, 
but we believe that, with the technique employed, 
they give the truest picture that can be obtained 
from an autopsy specimen In contrast to the 
pathological cases, normal controls with atheroma 
showed no trace of myocardial fibrosis 
A second finding not emphasized by Gross was 
the relationship between the size of the coronary 
arteries and the size of the heart Since all skia- 
grams were taken by a standard technique the 
plates are comparable as regards size In all cases 
the three major coronary arteries (left anterior 
descending, left recurrent, and right) were measured 
near their origins From their diameters their total 
cross-sectional area was calculated and plotted 
against the weight of the heart The resulting graph 
(Fig 2) showed a fairly close scatter around a 
straight line, and indicates that there is a direct 
relationship between the bulk of the cardiac muscle 
and its blood supply 


TABLE III 

Control Cases Size of Heart and of Coronary Artery 



Coronary 

atheroma Cause of death 

(microscopic) 


— 

i Subarachnoid hiemorrhage 

— 

1 Polyposis cob 

— 

Carcinoma of colon 

— 

Carcinoma of stomach 


Acute appendicitis 

— 

Carcinoma of cervix uteri 

4- 

| Seminoma of testis 

-f 

j Carcinoma of oesophagus 

— 

Bronchitis 

— 

Carcinoma of lip 

4- 

Primary carcinoma of liver 

r e 

1 Cirrhosis of liver 



Hypertrophied controls 


46 6 
41 8 
51 5 
444 
71 6 


— Cor pulmonale 

— Syphilitic aortic incompetence 

± Osteitis deformans Heart block 

— Rheumatic mitral and aortic disease 
± j Rheumatic aortic incompetence 
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Fig 2 — Graph illustrating the linear relationship between the heart weight and the total cross 
section of the main coronary vessels in normal controls, controls with hypertrophied hearts and 
in cases of hypertensive heart disease 


Hypertensive Group 

It soon became apparent that the pathological 
findings were totally different m the two types of 
case Though the differences in morbid anatomy 
and histology between ischaemic and hypertensive 
heart disease are well known, the dissimilarity was 
emphasized by the skiagrams The ischiemic 
hearts showed narrow coronary vessels with irregular 
outlines, and, as a rule, one or more complete 
occlusions (Fig 6, 9, and 10) The hypertensive 
hearts, on the other hand, showed large wide 
coronary arteries with smooth outlines and no 
narrowing There were a certain number that 
showed evidence of both hypertension and ischaemia 

This group compnsed twenty-seven cases of 
clinical hypertensive heart disease, subdivided into 
four groups according to their seventy (page 205) 
The mam pathological findings are summarized in 
Table IV 


Heart weight All but two showed cardiac hyper 
trophy, the mean cardiac weight for the whole group 
being 597 g ±149 g It will be noted from 
Table IV that the degree of cardiac hypertrophy 
expressed as total heart weight is fairly closely 
related to the clinical seventy of the disease judged by 
the functional state of the heart In the cases that 
ran a full cardiac course and died in congestive 
failure, the mean weight was 729 g In the cases 
that showed evidence of left heart failure but did 
not die a cardiac death, the mean heart weight 
was 585 g In those with effort dyspnoea only the 
mean weight was 492 g Finally, in the four cases 
with no cardiac symptoms, the mean weight was only 
406 g 

In all cases the increased cardiac weight was 
mainly due to left ventricular hypertrophy Right 
ventricular hypertrophy was difficult to estimate 
Owing to the hearts being cleared intact it was no 
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TABLE IV 

Hypertensive Cases Size of Heart and Coronary Arteries 


Died ii itlwiit cardiac it mptonis 






Heart 

weight 

(grams) 

Total 

Coronary ! 

Myocardial 

R V 


No | 

Age 

Sex 

Blood 

coronary 

bore 

(sq mm ) 

atheroma | 

fibrosis 

hyper- 

Mode of death 

pressure 

X-ray 

Micro 

Retie 

Focal 

trophy 


24 

63 

F 

260/120 

340 

39 0 

— 

+ 


— 

+ 

Pulmonary 

embolism 

47 

63 

F 

250/130 

485 

55 2 

— 

— 

JL , 

— 


Cerebral 

hemorrhage 

60 

69 

46 

21 

F 

F 

280/140 

250/130 

470 

330 

63 0 
253 

— 

rt 

+ 

— 

— 

Uncmia 

Uncmia 


Died Kith effort dyspnaa 


23 1 

44 j 

F 

225/130 j 

425 

41 1 , 

— i 

— 

i i 

i 

— 

- 

i Cerebral 

haimorrhage 

36 

58 

F 

220/135 

545 

1 648 

— 

M 

1 + 

— 

db 

I Hcmiotomv 

39 

68 

M 

1 210/100 

525 

1 62 0 j 

— 

:r 


— i 

— 

) Herniotomy 

43 i 

87 

F 

230/150 

1 440 

1 


a- 


1 + i 

— 

1 Pneumonia 

44 * 
44 , 

49 

i M 

I 

290/140 

i 570 

| 608 

1 

1 

-L 

; 

! - 

i 

i 

O- 

1 Cerebral 

hemorrhage 

65 

[ 44 

1 F 

| 230/120 

l 450 

j 42 3 

— 

i ± 

1 - 

' i 

— 

1 Hematemesis 


Died with left ientricular failure 


11 

56 

M 

243/125 

700 

1 82 4 

— 1 

+ 


__ 

+ Cerebral 






I 

| 




hemorrhage 

13 

67 

F 

260/125 

447 

| 41 1 

| 

± 

+ 

— 

— I Uncmia 

19 

42 

F 

260/160 

480 

406 

— 

± 

— 


— J Uraemia 

41 

64 

F 

280/145 

575 

1 — 

+ 

+ 

— 


± , Uraemia 

45 

54 

F 

260/120 

660 

1 53 8 

— 

± 

— 

— t 

+ Uncmia 

68 

67 

M 

200/125 

650 

1 

± 

+ 

+ 

— 

— ' Pneumonia 

Died in congest i\e cardiac failure 

8 

60 

M 

250/150 

695 

! - 

, ± 

+ 

+ 

+ ! 

-L. 1 

28 

69 

M 

150/120 

750 

63 8 


± 

+ 


+ 

32 

50 

M 

170/115 

670 

1 51 7 

— 

— 

+ 

± 1 

+ 

38 

53 

M 

270/140 

738 

51 5 

— 

+ 


, 

+ 

48 

51 

M 

220/125 

710 

1 - 

| ± 

+ 

+ 

± 

+ 

49 

54 

F 

1 200/100 

810 

79 3 


± 

' + 

± 

+ i 

50 

54 

M 

| 190/140 

820 

1 

t + 



+ i 

+ 1 

53 

59 

F 

190/110 

555 

( 41 1 


± 

1 + 


+ I 

58 

66 

M 

210/140 

810 

78 1 

— 

i ± 

1 + 


+ 1 

62 

68 

M 

220/135 

560 

t — 

t + 

-F 


+ ^ 

I 

63 

j 60 

1 M 

j 180/110 

900 

76 1 

i - 

1 ± 

i j- 

i 

* 

j- ' 


possible to dissect off the right ventricle and weigh 
it separately, moreover, after clearing, it was con- 
sidered that estimates of hypertrophy were of doubt- 
ful value owing to shrinkage An attempt was made 
to estimate the degree of right ventricular hyper- 
trophy histologically and the results are given in 
Table IV Hypertrophy was obvious in fourteen 
cases, slight in four, and absent or unrecognizable 
in nine The incidence of right ventricular hyper- 
trophy in the different groups is of interest In the 
eleven cases that died in congestive heart failure. 


nght ventricular hypertrophy was present in all but 
one this one was complicated by severe coronary 
sclerosis It is assumed that this hypertrophy was 
due to the strain thrown on the nght heart by failure 
of the left ventncle 

The same explanation may be given for cases of 
right ventncular hypertrophy m the second group, 
for although these patients did not die m congestive 
failure, they had evidence of left ventncular failure 
during life In the other two groups there was in- 
sufficient left ventncular failure to account for 
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right ventricular hypertrophy Case 43, however, 
was complicated by emphysema, and Case 24 by old 
pulmonary embolism The remainder showed very 
slight, if any, hypertrophy Apart from hypertrophy 
the myocardium appeared healthy in twenty-six 
cases In the twenty-seventh (Case 62) there was 
macroscopic evidence of infarction 
Endocardium One (Case 48) showed calcifica- 


tion of the aortic valve of Monckeberg type, not 
causing appreciable stenosis or incompetence All 
other cases were free from valve disease 

Radiography 

It will be most convenient to describe first the 
typical findings in this group and then to discuss the 



Fig 


3 Normal control Case 76 Heart 280 g skiagram 

Note size of coronary arteries and their smooth outlines 
0 6 of natural size and are comparable ) 


of injected heart. 
(All skiagrams are 
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exceptions The most striking feature was enlarge- 
ment of the coronary arteries (Fig 4 and 5) 
In 20 this enlargement was conspicuous the out- 
lines of the coronary lumina were perfectly smooth 
and there was no suggestion of irregularity or focal 
narrowing The degree of coronary enlargement 
appeared to increase pan passu with hypertroph} 
of the heart When the three main coronaiy 


arteries were measured in the same way as the 
controls and their total cross sectional area plotted 
against the cardiac weight (Fig 2), a Fairly close 
scatter around a straight line was observed, which 
proved to be a continuation of that previously 
desenbed in controls This strongly suggests that 
the size of the coronary arteries is dependent on the 
size of the heart, and that the> enlarge in response to 



H ^ ' No t^^rdarRmir n t rardlac symptoms arose 

smooth outlines ofthe latter 1 f hKm a " d coronar y artcn cs and the 



218 


HARRISON AND WOOD 


an increased demand There is, however, an 
alternative explanation, namely that the coronary 
arteries are dilated by the raised pressure within 
them, or that the pressure at which they were in- 
jected caused them to dilate more than controls 
injected at lower pressure The latter possibility 
is refuted by the fact that two hypertensive cases 
(Cases 49 and 53) injected at low pressure (because 


the diastolic pressure had fallen some time before 
death) revealed coronary arteries as large as am 
injected at higher pressures 
To investigate the possibility that coronary dilata 
tion was the direct result of raised blood pressure 
during life, we injected five cases of cardiac hyper 
trophy due to other causes, namely, rheumatic 
valvular disease (Cases 20 and 59), syphilitic aortic 



Fig 5 —Hypertensive heart disease Case 49, died of congestive failure Heart 
^ 810 g ^ Note enormous heart and coronary arteries and the smooth outlines ol 

the latter 
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regurgitation (Case 71), cor pulmonale (Case 67) 
and osteitis deformans (Case 54), all showed a 
degree of coronary enlargement similar to that seen 
m hypertensive heart disease (Fig 2) It is con- 
cluded that coronary' vascular enlargement is related 
to cardiac hypertrophy 

Se\en out of the twenty-seven cases showed some 
evidence of occlusive coronary' atheroma in the 


skiagrams In four (Cases 8, 48, 43, 68) this was 
slight, constituting no more than minor irregularities 
of outline and relatively small calibre in relation to 
the size of the heart, there were no points of gross 
narrowing In three of these cases the myocardium 
showed a few small foci of fibrosis in the fourth no 
lesion was detected Each of the other three 
(Cases 41, 50, 62) showed severe coronarv sclerosis 
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with narrowing of the lumen, at least one complete 
occlusion, and evidence of myocardial ischremia 
Clinically it is interesting to note that Cases 50 and 
62 died suddenly Case 41 died in uramia 
Cleared specimens All cases were subjected to 
“ clearing ” in methyl salicylate, the cleared speci- 
mens (Fig 8) being compared with the skiagrams 
This confirmed the conclusions drawn from the 


latter and was of great value in selecting segments of 
the coronary vessels for histology It did not, 
however, add any further information Geared 
specimens were not used for measurements owing to 
the shrinkage that occurs m the process of clearing. 

Histology Coronary' arteries Twentj three 
cases (all but Cases 23, 32, 47, and 69) showed 
histological evidence of atheroma, yet the slna 





Fir 7 —Normal control Case 35 Heart weight 213 g 
white injection mass filling lumen of coronary arteries 
outlines 


Cleared specimen showing 
Note the perfectly smooth 
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grams of sixteen of them exhibited normal coronary 
outlines, confirming the observation made m the 
controls that atheroma need not narrow the lumen 
Atheroma m these cases was relatively slight and of 
patchy distribution The seven cases that showed 
narrowing or irregularity of the arteries in the skia- 
grams all showed severe and generalized atheroma 
histologically Two other features desen e com- 


ment In adult life normal coronary arteries have a 
well developed intima thicker than that of other 
arteries of similar size (von Glahn, 1936) In the 
hypertensive cases this layer tended to be thicker 
than in controls Secondly, the media was 
hypertrophied 

An unexpected finding was polyarteritis nodosa 
in Case 32 This affected the majority of the small 



sh owmg^chla'taUo of^ coronary 3 lumen^an 8 CIearcd lnjected specimen 

occlusive coronary atheroma nd smootfl outlines, indicating absence of 
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arteries throughout the body, but most of the coron- 
ary vessels were spared 

Histology Myocardium Evidence of hyper- 
trophy has already been described In addition, 
however, necrosis was seen in two cases In Case 62 
there were recent infarcts at both the apex and base 
of the left ventricle following severe coronary 
atheroma and thrombosis In Case 41 there were 
numerous adjacent foci of infarction at the apex of 
the left ventricle, following thrombosis of the 
descending branch of the left coronary artery 

Fat tv change Fatty degeneration of slight or 
moderate seventy was found in fourteen out of the 
twenty-seven cases It did not appear to be 
correlated with the size of the heart, with the state 
of the coronary circulation, or with any other known 
factor, and we have therefore been unable to attach 
any significance to it 

Myocardial fibrosis was seen in the hypertensive 
cases in three forms, which we have called healed 
infarcts, focal fibrosis, and reticular fibrosis The 
only example of a healed infarct was in Case 62 
m which it was associated with an old coronary 
occlusion 

Focal fibrosis took the form of small foci (under 
1 mm ) in which the muscle fibres had been replaced 
by collagen In most cases replacement was com- 
plete, but occasionally necrotic muscle fibres were 
still visible This lesion, which was seen with 
greater frequency and seventy in the lschremic 
group, occurred in seven of the hypertensive group 
(Cases 8, 32, 43, 48, 49, 50, and 63) The skiagrams 
of four of these (Cases 8, 43, 48, and 50) showed 
coronary narrowing, but in the other three (Cases 32, 
49, and 63) the coronary arteries had uniformly wide 
lumina and smooth outlines Case 32 had poly- 
artentis and since some of the smaller vessels m the 
myocardium were involved (but not the mam coron- 
ary vessels) it is fair to assume that fibrosis was the 
result of occlusion of small vessels Cases 49 and 63 
died m congestive failure, and fibrosis might be 
attributed to relative coronary insufficiency, but 
we must point out that the vessels were large and 
free from any obstruction 

The third type of fibrosis, which we have called 
reticular, was always associated with gross muscular 
hypertrophy It occurred in seventeen cases and 
took the form of an exaggeration of the normal 
interstitial reticular connective tissue fibres In 
the normal heart these are extremely fine and can 
only be satisfactorily demonstrated by silver im- 
pregnation, but m cases of gross hypertrophy they 
thickened and became clearly visible as fine colla- 
genous fibres surrounding the muscle fibres (Fig 1 1) 
This form of reticular fibrosis tended to occur in 
foci and for this reason might be mistaken for 


ischffimic focal fibrosis We believe, however 
that it is a separate entity for the following reasons’ 
Firstly, it was not seen in any of our pure lschsmic 
hearts, secondly, it is limited to cases of gross 
myocardial hypertrophy, thirdly, we were never 
able to demonstrate any sign of muscle loss We 
consider that it is a form of concomitant fibrous 
tissue hypertrophy 

Renal changes The hypertensive cases were 
classified according to their cardiac condition, and 
though most were examples of essential hypertension, 
a few proved to be secondary to chronic nephntis 
In practice the histological differentiation between 
nephritis and advanced arteriosclerotic kidney is 
extremely difficult, particularly since Ellis (1942) has 
shown that primary nephntis may persist with 
hypertension as the dominant clinical sign and 
arterial damage as the dominant renal change In 
spite of these difficulties we have attempted to classify 
the kidneys m this senes into hypertensive and 
nephritic Seven (Cases 11, 19, 41, 47, 65, and 69) 
showed evidence of nephritis whilst the remaining 
twenty showed varying degrees of artenal damage, 
from a few hyaline vessels up to severe changes of 
the type classified as malignant hypertension Six 
of the hypertensive group died in urremia and four 
of these (Cases 19, 41, 45, and 69) were among 
those with histological evidence of nephntis The 
other two (Cases 13 and 60) showed the histological 
appearances of malignant hypertension 


Ischemic Cases 

There were fifteen cases m this group, and their 
mam pathological findings are summarized m 
Table V 

Heart weight The hearts were all hypertrophied 
except in Case 25 The mean weight for the whole 
group was 495 g ±76 g , the range being 350-650 g 
Such a degree of hypertrophy suggests that either 
ischaemic hearts may become hypertrophied dunng 
their course or that our cases were complicated by 
hypertension It will be seen from Table V that 
eight cases had some degree of hypertension during 
life The mean heart weight of these was 497 g , 
whilst the mean heart weight of those without hyper 
tension was 494 g Thus there is no correlation 
between heart weight and hypertension in this 
senes On the other hand, if the cases are divide 
according to the duration of cardiac failure, some 
correlation becomes apparent Those with c t 
ventncular failure for two months or more (6 cases) 
had a mean heart weight of 549 g ±56 g , '^creas 
those with terminal or no congestion (9 cases) ha a 
mean heart weight of 459 g ±60 g The difference 
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TABLE V 
IscH/EMic Cases 


Case 

No 

: 

i Age 

Sex 

i 

Blood 

pressure 

i 

Heart 
weight 
! (grams) 

| Coronary* 
occlusion 
site 

Myocardialf 

Mode of death 

Fibrosis 

Necrosis 

17 

57 ! 

! F 

158/92 j 

1 432 

LD 


! L VA 

Syncope 

22 

76 1 

F 

170/85 1 

i 4S0 

LD 

LV A 

t 1 vs 

Congestive cardiac failure 

25 

71 

F 

140/60 

350 

LD , R 

LVA.LVP 

i LVA.LVP 

Syncope 

29 

43 

M 

172/120 

480 

LD , LC 

LV A 

1 L V A ,0 M 

Syncope 

30 

’ 53 

M 

150/110 

535 

L D , L C 

L V A , O M 


Syncope 

37 

60 ! 

M 

184/80 

590 

R 

LV A 

LVP 

Congestive cardiac failure 

40 

1 47 

M 

I20/S0 

580 

L D , L C 

LVA.LVP 

L V P 

| Lung abscess 

42 

61 1 

M 

220/140 

425 



LVA 

1 Syncope 

46 

1 53 

M 

190/100 

400 

L D , R 

LVA 

LVP 

H-cmopcncardium 

51 

1 65 

M 

95/60 

495 

R 


L V P , R V P 

Sepsis 

52 

53 

M 

120/80 

480 

L D , L C 

LVA 

LVA.LVP ! 

Congestive cardiac failure 

55 

71 

F 

175/105 

630 

L D , R 


LVP 

Congestive cardiac failure 

66 

69 

M 

140/80 

656 

L C , R 

O M 

LVP.RVP 1 

Myocardial infarction 

70 

63 

M 

140/105 

4S0 

LC, R 1 

L V P | 

LVP j 

Myocardial infarction 

73 

64 

F 

180/110 

505 

LD ,LC,R 

LV P , LV A 1 

LVA.LVP 

j Congestive cardiac failure 


* LD =Left descending branch L C =Lcft circumflex branch R = Right coronary 

t L V A =Left ventricle anterior L V P =Lcft vcntnclc posterior R V P = Right ventricle postenor O M 
= Obtuse margin I V S=Interventncular septum 


is 90 g and the standard error of the difference is 
9 7 g This correlation between duration of failure 
and heart weight is similar to our finding in the 
hypertensive group, and is further evidence that 
cardiac failure is an important factor m the produc- 
tion of myocardial hypertrophy 
Coronary arteries The skiagrams (Fig 6) and 
cleared specimens (Fig 9 and 10) of the injected 
coronary vessels in the ischaimic cases showed a 
characteristic picture, quite different from that of 
the hypertensive group The characteristic feature 
was the constant presence of severe narrowing or 
occlusion, usually both There was, of course, 
some variation in the degree and extent of the lesions' 
In eight cases the whole coronary tree was affected 
and all the major arteries were narrowed and 
irregular m outline, often with deposits of calcium 
salts in their walls Complete occlusions in both 
nght and left coronary arteries were usually 
demonstrable 


In the other seven cases arterial narrowing v 
limited either to one vessel (usually the left) or 
part of a vessel, whilst the rest of the coronary t 
was relatively normal In some of these cases i 
unaffected vessels were wider than normal 1 
mean heart weight was slightly higher (527 g 1 

K ™™g thfn 

with generalized coronary narrowing (460 r 
S'fi’S or angina of effi 

localized e ' ' a "0 51), three were examples 

ocabzed coronary narrowing 

oronary occlusion was commonly multiple 


previously indicated, though in one case it was in- 
complete, and in four it was single, there were 
eight cases with two blocks and two cases with three 
blocks The distribution was as follows out of 
twenty-six complete occlusions eighteen were in the 
left coronary artery and eight in the right Myo- 
cardial infarction was found in thirteen out of 
fourteen cases with one or more complete occlusions 
The case without complete occlusion had no infarct 
but only microscopic foci of necrosis The other 
(Case 37) without infarction had a solitary occlusion 
of the right coronary artery, and showed only micro- 
scopic necrosis Amongst the other thirteen cases 
there were fourteen healed infarcts and eleven recent 
infarcts, all but one involving the left ventricle 
The areas affected were the apex anteriorly (1 1 cases), 
the base posteriorly (10 cases), the obtuse margin 
(3 cases) and the base of the right ventricle posteriorly 
(1 case) In each of these twenty-five infarcts 
the appropriate coronary artery was completely 
occluded There was no correlation between the 
type of lesion present and the mode of death 
Syncopal deaths were not particularly associated 
with recent thrombi or infarcts 
Anastomotic vessels, just big enough to be visible 
in the skiagrams, were noted in all cases These 
occurred in relation to the distal parts of occluded 
vessels, and sufficed to permit retrograde filling of 
these vessels They were better seen in the 
cleared ” specimens (Fig 9 and 10) 

Histology Coronary vessels With certain 
reservations histological study of the coronary 
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arteries confirmed the radiographic findings In 
most of the skiagrams, however, no matter how 
irregular or narrowed the majority of the vascular 
lumina, some segments still looked normal both in 
calibre and in smoothness of outline, yet micro- 
scopically these parts also showed severe atheroma 
A similar discrepancy was observed both in the 
controls and in the hypertensive cases, but it is 


repeated for emphasis that even in manifest ischasmic 
heart disease, the appearance of atheroma in a 
section of a coronary artery does not necessarily 
indicate narrowing in vivo at that site Again, it 
was quite impossible to tell from the skiagrams 
whether a focus of narrowing was due to atheroma 
or to a recanalized thrombus On numerous 
occasions points of narrowing noted m the skia 



Flr 9 _Isch$mic heart Case 46 Anterior view showwg small coronary arteries 

F irregular outlines, complete occlusion m right coronary artery, and anastom ses 
pericardial vessels 
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grams and in cleared specimens pro\ed to be healed 
thromboses m which the recanalized lumen was as 
large as the adjacent narrowed atheromatous vessel 
This maj explain the occurrence of mvocardia! 
infarction in the presence of patent, though nar- 
rowed, \essels, for the absence of complete occlu- 
sion at autopsy does not prove the vessel was never 
blocked dunng life These examples of organized 
recanalized thrombi were ones in which the histo- 
logical diagnosis was unequivocal but apart from 
these there were man> others in which such an inter- 
pretation would be difficult to refute In late 
cases of recanalized thrombosis, the fibrous tissue 


replacing the thrombus fuses with atheromatous 
lesions so intimately that wc were often unable to 
tell whether a given lesion was atheromatous or 
thrombotic This difficulty was accentuated when 
atheromatous lesions showed undue vascularity of 
harniorrhagc as described by Wintcrnitz cl at (1938) 
Both phenomena were observed in some sections or 
the coronary arteries in ncarl> every case When 
the vasa vasorum were small the hxmorrhages were 
fresh, it seemed fair to assume that thc> were late 
effects of atheroma but when the vasa were large 
and ran parallel with the coronary artery, and when 
blood in the plaque was represented onl> by groups 
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of macrophages filled with pigment it became 
impossible to decide whether or not there lnd been 
thrombosis This similarity lends support to the 
hypothesis recently put forward by Duguid (1946) 
that what is ordinanlj regarded as coronary 
atheroma is, in fact, the result of organized thrombi 
Myocardium The histological appearances of 
the myocardium in the present senes of eases con- 
formed to the accepted descriptions of lschanuc 
heart disease, but there were two points that merit 
some discussion The first is the time relation 
between coronary' closure and myocardial infarction 
In the majority of eases these corresponded Recent 
infarcts were associated with recent thrombi and 
old infarcts with old thrombi Furthermore, they 
were associated in position, the infarcts occurring 
m sites supplied by occluded \csscls We did not 
observe any cases in which infarction was due to the 
closure of a vessel supplying the rnfarctcd area only 
by anastomoses, though this has been observed by 
Blumgart cl al (1940) We did, however, observe 
three examples (Cases 29, 46, and 55) in which 
recent infarction was unassociatcd with recent 
thrombosis m any vessel big enough to be visible 
macroscopically In two of these (Cases 29 and 46) 
the symptoms of the fatal infarct arose at home 
whilst the patient was at rest, and the lesion cannot 


this was not always so Minute infarcts without 
demonstrable vascular occlusion presumably have 
the same pathogenesis as their larger counterparts 

Discussion 

Prcuou't lihtnr\ The high incidence of a history 
of rheumatic fever in both hypertensive and isclremic 
groups is regarded ns coincidental for necropsy 
revealed evidence of rheumatic heart disease in but 
one case and the known facts deny relationship 
Tims, of 542 eases with granular kidney reported by 
Pitt (1887), 6 per cent had mitral stenosis Of 403 
clinical hypertensives analysed by Boas and Finc- 
berg (1926), 8 per cent had mitral stenosis Of 
1000 hypertensive cases studied by Bcchgaard 
(1946) 1 per cent had clinical evidence of mitral 
stenosis T inally, in 122 hypertensive subjects under 
50 years of age, Halovcn and Salomaa (1947) 
found a history of rheumatic fever in 6 6 per cent, 
compared with an incidence of 9 8 per cent in 250 
controls Although figures from the paper by Pit 
and by Boas and Fincbcrg, and also those given by 
Levine and Fulton (1928) show that about 40 per 
cent of eases of mitral stenosis have hypertension, 
it must be remembered that 33 per cent of men 
aged 40, and 43 per cent of women aged 40, have a 


therefore be attributed to unusual circulatory 
demands beyond the capacity of the coronary 
supply It is possible that a period of diminished 
cardiac output may have reduced the coronary 
flow sufficiently to have precipitated the infarcts, 
but there was no evidence available on this point 
Coronary spasm can almost certainly be excluded 
on the grounds that the coronary tree was too rigid 
for this to be possible These cases are of im- 
portance because they may represent the late counter- 
part of cases of sudden death in ischicmic heart 
disease where neither recent occlusion nor fresh 
infarction is demonstrable at autopsy It is possible 
that such cases, which are common m forensic 
practice, might show infarction if they survived long 
enough 

The second feature noted in the present senes was 
t e development of minute foci of necrosis leading to 
focal fibrosis These small lesions, usually just 
visible macroscopically, were encountered in ten of 
the sixteen cases, often in several sites in one heart 
We were able to observe every stage of their develop- 
™ * nd thcy showed exactly the same changes 
r mary infarcts, but on a minute scale It 
reSn 0 US des,rab!e that these lesions should be 
isch-emi fig minU ‘ e ,nfarcts - a ud that the term 

hereTm a fu r0S1S ° Uld lmply th,s In most “ses 

mUrneanrt 17 °™ ^ f ° UIld t0 elated, both 
nd site, to occluded coronary branches, but 


blood pressure of 150/100 or above (Master ci al , 
1943) Claims that the rheumatic process may 
involve the coronary vessels (Picsch, 1947) cannot 
be denied, but there is no statistical evidence im- 
plicating rheumatic fever as an important -etio- 
logical or contributory agent in the development of 
the common form of lschxmic heart disease 

Family history Platt’s suggestion that essential 
hypertension may be a hereditary disease transmitted 
as a Mendehan dominant with a rate of expression 
of over 90 per cent (Platt, 1947) cannot be easily 
dismissed Thus it may be calculated trom Bcrch- 
gaard’s findings in over 1000 hypertensive subjects 
that the incidence of high blood pressure in the 
parents was about 75 per cent (Bcchgaard, 1946), 
and the author considered that about 20 per cent of 
his cases were renal in origin — a group in which the 
hereditary factor has been shown to play no part 

The hereditary aspect of ischaemic heart disease 
has been less frequently studied, and has been rarely 
separated from the hypertensive group General 
opinion, however, strongly favours hereditary 
predisposition 

Age and sex Our figures bear out the well- 
known difference in sex and age incidence The 
ratio of males to females is usually given as about 
4 1 in ischaimic heart disease, whereas it is close 
to 1 1 in essential hypertension It is also recog- 

nized that the preponderance of males in ischaemic 
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heart disease is proportional to the age of the groups 
studied Thus it is overwhelming m those under 40 , 
8 to 1 in those between 40 and 49, 4 to 1 in those 
between 50 and 59, 2 to 1 in those between 60 and 
69, and the sex ratio is equal in those over 70 
(Hedley, 1939, Gordon et a! , 1939) 

Cluneal features The steady downhill course of 
hypertensive heart disease was well illustrated, and 
contrasted sharply with good temporary recovery m 
at least one-third of the ischxmic cases This 
latter behaviour may be attributable to coronary 
thrombosis with or without infarction, followed 
by improvement in the collateral coronary circula- 
tion 

More than half the hypertensive group died from 
non-cardiac causes, chiefly uremia or cerebral 
hiemorrhage Only two died suddenly On the 
other hand, ten out of fifteen ischiemic cases died 
abruptly This confirms the well-known fact that 
ischaemic hearts are peculiarly liable to develop 
ventricular fibrillation, but it also demonstrates that 
hypertensive hearts are not 

Of great interest was the rarity with which cases 
initially classified as hypertensive later developed 
angina pectons or myocardial infarction The 
pathological studies provide a ready explanation 
for this, for they show that the typical hypertensive 
heart has smooth distended coronary arteries It 
is not denied that about 66 per cent of ischemic 
cases have a blood pressure over 150/90, (Master 
et al , 1936), or that nearly 50 per cent have a blood 
pressure at least 160/100 (Riseman and Brown, 
1937), but we agree with the latter authors that 
systolic pressures over 200 are rare It must be 
repeatedly pointed out that about half of the 
population between the ages of 50 and 60 have 
blood pressures of 150/100 or above (Master et al , 
1943), and it is therefore misleading to quote similar 
figures in ischaemic heart disease, which involves 
particularly this age-group, as evidence that coronary 
disease is intimately related to hypertension The 
difference in the quality of the cardiac impulse in 
the two groups and in the size of the heart as viewed 
fluorscopically, was most impressive 

The pathological findings proved conclusively 
that the hypertensive electrocardiographic pattern 
showing left axis deviation with depression of the 
RS-T segment with or without inversion of the 
T wave in lead I was not due to coincident coronary 
disease nor to myocardial fibrosis, but appeared to 
closely related to the size of the left ventricle Like- 
wise, auricular fibrillation and bundle-branch- 
block occurring in hypertensive heart disease could 
not be ascribed to ischiemic fibrosis Admittedly, 
bundle-branch-block was twice as common in 
ischiemic as in hypertensive heart disease in the 


clinical senes, occumng m 10 per cent and 20 per 
cent of the cases respectively 

Pathological Features 
The most stnking observation in the injected 
hearts was the basic difference in the coronary 
pattern between the hypertensive and ischemic 
senes and the lack of overlap between them It is 
probably true that hypertension does predipose to 
coronary sclerosis, but our findings suggest that the 
relationship has been overstressed Confusion 
may have arisen on account of the frequency at 
autopsy of enlarged hearts with atheromatous 
coronary arteries — it being assumed that the 
hypertrophy indicates previous hypertension and 
atheromatous coronary arteries indicate ischiemia 
Either of these assumptions may be false Our 
observations show that m coronary sclerosis cardiac 
failure can produce myocardial hypertrophy to an 
average weight of 550 g irrespective of a raised blood 
pressure This has been observed by Bartels and 
Smith (1932) and by Davis and Blumgart (1937), 
and Eyster (1927, 1928) has suggested that stretching 
of the heart by dilatation is the essential stimulus to 
hypertrophy In spite of this, the assumption is 
still commonly made that a heart weight of over 
500 g indicates hypertension Another source of 
error is the assumption that atherosclerosis must 
cause coronary narrowing Stewart et al (1935) 
showed that this was not so and our present findings 
confirm this It is not suggested that atheroma 
does not lead to ischaimia but we believe that by 
ordinary examination it is very difficult to estimate 
whether or not the vessels are narrowed dunng life 
Our observation that the coronary arteries enlarge 
as the heart hypertrophies confirms the previous 
findings of Gross (1921), Russow (1936), Fishbcrg 
(1937) and Sagebial (1934), but in addition they 
strongly suggest that the degree of coronary enlarge 
ment keeps pace with the needs of the heart and that 
“ relative ” ischcemia is not a cause of cardiac failure 
in hypertension The concept of relative ischiemia 
has probably ansen from the finding of myocardial 
fibrosis unassociated with appreciable coronary 
sclerosis Such fibrosis may be of the type which 
we have called reticular and which we believe to be a 
form of fibrous tissue hypertrophy and not an indica 
tion of muscle destruction This was also the view 
of Stadler (1907) Alternatively, there are un 
doubtedly cases of focal myocardial fibrosis in 
distinguishable from healed infarcts but unassociated 
with any coronary occlusion Such cases have 
been observed by Blumgart (1940, J941), Gross and 
Sternberg (1939), Ravin and Grecves (1946) and by 
Holyoke (1945), as well as by us We suggest that 
it is more reasonable to attribute them to a diminu 
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tion of coronary flow during a phase of cardiac 
failure than to postulate either rchtivclv small 
coronarv arteries or spasm 

* Summary and Conclusions 

Comparative clinical and pathological studies 
have been made on tvvcntv-scvcn eases of hvpcr- 
tensive heart disease and fifteen eases of lsclvemic 
heart disease There were twelve controls 
Hypertensive eases were characterized clmicallv 
bv even sc\ distribution dvspnrea stcadv deteriora- 
tion, retinopathv, cerebral svmptoms impairment of 
renal function, anxnna, auricular fibrillation and 
bv clinical, radiological, and cardiographic evidence 
of left ventricular enlargement before the onset of 
heart failure Only one ease originally classified as 
hvpertensive developed subsequent angina pcctons 
or myocardial infarction Death was rarely abrupt 
Ischaimic cases were characterized clmicallv bv an 
unequal sex distribution favouring men, the older 
age of women, the infrequcncv of carh dvspncca, 
the absence of anaimia, of retinopathy and of 
cerebral svmptoms, good renal function normal 
Thythm, normal heart size before failure, good 
temporarv recovery, and by abrupt death 
At autopsy the hearts were investigated bv in- 
jection of the coronary arteries followed by stereo- 
scopic radiography and dissection and histological 
examination The follow ing conclusions vv ere draw n 


Moderate degrees of coronary atheroma do not 
neccssarilv cause narrowing 
The size of the coronary arteries vanes directly 
with the heart weight in both normal and hyper- 
trophied hearts irrespective of the cause of the 
hvpertrophv 

The coronarv arteries vary sharplv between 
hvperlcnsive and tsclvcmtc eases in the former thev 
are large with smooth bores, in the latter they arc 
narrow and frcqucntlv occluded 

In hvperlcnsive eases the heart weight vanes with 
the degree of failure during life and not with the 
height of the blood pressure 
The coronarv size increases as the heart size 
increases and there is no evidence to indicate relative 
ischremia of the ventricular muscle 

In xcverelv hypertrophied hearts the normal 
fibrous tissue increases in thickness 

In isehremic eases cardiac hvpcrtrophy is the rule 
and can be correlated with the duration of failure 
Myocardial infarction can occur in the apparent 
absence of coronary occlusion and is probablv then 
due to circulators failure 

We are deeply indebted to Dr Duncan White for his 
kindness in taking stereoscopic skiagrams in all eases 
We also wish to thank Mr J Baker and Mr J Griffin for 
the many hundreds of slides they prepared and Mr V 
Willmotl for the photographs 
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Disturbances in the propagation of the heart beat 
between the auricle and the two ventricles are of 
frequent occurrence and well known under the terms 
A-V dissociation or heart block The term sin o- 
auncular block is the standard name for an apparent 
block between the smus node and the auricle, a 
hypothetical incident to explain transient auricular 
standstill for a period of time that is a multiple of the 
length of the regular sinus cycle Interference 
dissociation is commonly associated with a nodal 
rhythm with retrograde block, the slower sinus 
excitation and auricular beat being conducted inter- 
mittently to the ventricle Less commonly, interfer- 
ence dissociation is seen in cases of near complete 
A-V dissociation, with occasional smus beats being 
conducted in a favourable time period, a 
phenomenon usually attributed to the likelihood that 
junctional tissues have a supernormal phase of 
excitation and conductivity following their refrac- 
tory penod Some of the best examples of this 


or of excitation m the left ventricle As there were, 
in addition, frequent cardiograpbic sequences 
showing the picture of sino-auncular block, the 
possible relationship of this abnormality to the 
disturbance in A-V and intraventricular conduction 
invited some speculation 

Report of Case 

A woman, 60 years of age, registered at the clinic 
with the main complaints of varicose veins, painful 
feet related to corns, mild shortness of breath, 
slight substemal discomfort with moderate exertion, 
and backache No history was elicited that digitalis 
or other medicines had been taken Auscultation 
of the heart revealed no murmurs The blood 
pressure was 140 systolic and 90 diastolic There 
were extensive varicosities of the veins of both legs 
and a stasis ulcer on the lower part of the left leg 
The roentgenogram of the thorax showed moderate 


phenomenon are the first case of Lewis and Master generalized cardiac enlargement The roentgeno- 
(1924), the cases of Wolferth (1928), of Luten and gram of the spinal column showed a dorsal kyphosis 
Pope (1930), of Pareja (1933), and the first case of and moderate osteo-arthntic changes The cardiac 
Burchell (1942) diagnosis was coronary sclerosis and angina pectons 

Electrocardiographic records obtained recently Electrocardiographic study On the short cardio- 
from a woman, aged 60, exhibited the recurring graphic sequences obtained for routine evaluation 
phenomenon of nodal rhythm with interference there was noted an intermittent type of A-V dissocia 
dissociation in which the ventricular beat conducted tion during which occasional A-V conduction oc 
from the auricle showed the presence of either curred Only a few such complexes were preset 
left or right bundle branch block The unique and the initial cardiographic diagnosis was proba c 

feature was the fact that the type of bundle branch A-V dissociation with interference dissociation, c 

block exhibited was determined by the time relation- occasional conduction being related to a super 

ship between the P wave that was to be followed by normal phase of conduction The patient rcturnc 

a ventricular response and the preceding R wave of the following day for more extensive stud> 

the idioventricular (nodal) beat The explanation about the first fifteen minutes of electrocardiograp 
seemed related to either different rates of recovery in sampling, normal sinus rhythm was P rescr ” “J 1 

conduction in the two bundle branches or a super- was not affected by pressure on either ca ™“° , 

normal phase either of conduction in the left bundle Then spontaneously a cardiac irregularitj appe 
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and a continuous record was obtained for approxi- 
mately three minutes, during which about twentx- 
fhe premature beats were noted The dc\ eloped 
records showed phenomena similar to those of the 
preceding day but the abnormal mechanisms could 
be more definitely interpreted 
The various disturbances in rhythm and con- 
duction are illustrated in Fig 1 and 2 In Fig 1, 
there are shown in the four tracings from above 
downward respectively, first, normal sinus rhythm 
with slight sinus arrhythmia, the P-P intervals 


In Fig 2, the top sequence shows the usual or 
classic picture of interference dissociation in which 
the nodal rhvthmicity rate is faster than the sinus 
rate, and a retrograde block is present The R-R 
intervals of the nodal rhythm measure 1 63 see 
and the P-P intervals of sinus rhythm I 76 see , 
thus the record shows that the P waves gradually 
appear later and later after the R wave until finally 
the junctional tissues arc found non-refractory and 
an interference beat occurs, and in the record por- 
traved there is an associated prolonged P-R interval 



Fig 1 — Electrocardiograms discussed in the text Four sequences are shown In the lower two pairs 
of records, simultaneous tracings from two pnccordial positions are shown, position 1 being in the 
fourth interspace just to the right of the sternum and position 6 being m the fifth interspace m the 
left midaxillary line The indifferent electrode was on the right arm 


varying from 1 24 to I 56 sec , second, sequences 
of S-A block, the heart being more rapid and the 
regular P-P intervals showing only slight variation 
and averaging 0 96 sec , and third and fourth, 
nodal rhythm with interference dissociation in the 
simultaneously taken right and left prrecordial leads 
The third tracing shows three premature ventricular 
beats, the first having the complex of right bundle 
branch block, the second that of left branch block, 
and the third a normal QRS complex The fourth 
tracing shows two premature right bundle branch 
complexes and one left, the latter being interpolated 
between two normal QRS complexes 


and left bundle branch block In the lower tracing 
of Fig 2 are shown three premature beats, the first 
with a left bundle branch block complex, the second 
with a normal QRS complex, and the third with a 
right bundle branch block, and then return of normal 
sinus rhythm It is to be noted that the premature 
ventricular beats have a definite time relationship 
to a preceding P wave and, depending upon the 
interval between the P wave that is to be followed by 
conduction and the preceding R wave of the nodal 
beat, the ventricular complex will show left bundle 
branch block, right bundle branch block, oranormal 
QRS complex 
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Particular attention needs to be paid to the left 
bundle branch block complexes in the third tracing 
in Fig 1 and in the bottom tracing of Fig 2 where 
the T wave is deformed ( marked X) by an apparent 
P wave of abnormal shape These P waves occurred 
commonly after the left bundle branch block 
complexes but never with the right bundle branch 
block complexes While these P waves possibly 
are indicative of auricular extrasystoles, the con- 
stant association with the left bundle branch com- 
plexes and the preceding prolonged P-R interval 
suggest that such P waves represent a re-entry into 
the auricle, in fact indicating auricular reciprocal 
beating 

Comment 

The acceptance of the concept of a sino-auricular 
block is dependent only on the evidence of sudden 


excitation could not be readily measured The 
frequent close association of a P rat with the 
R wave when a supposed nodal rhythm was present 
might theoretically be related to smo-ventncular 
conduction and partial smo auricular block The 
progressive increase in the R-P times in the sequence 
shown in Fig 2 could be related to a progresses 
increase in S-A conduction time The conducted 
beat of the interference dissociation sequence, if 
such premises were accepted, could then represent 
reciprocal rhythm While a progressive increase in 
S-A time or a Wenckebach phenomenon has been 
claimed, on good evidence (Decherd et al , 1946), 
to occur, it is most unlikely that the phenomenon 
of smo-ventncular conduction without auncular 
response would have occurred without man) 
examples of dropped auncular beats having been 
observed Orthodox views, however, regarding the 
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Fig 2 — Electrocardiograms discussed in the text Two pairs of records with simultaneously recorded 

prscordial potentials are shown 


halving of the auricular rate, and all the objections 
of Lewis (1925) to the term and its implications still 
pertain In the case reported herein, the disturb- 
ance m sinus rhythm resulting in marked auncular 
slowing allowed a lower rhythm centre to dnve the 
ventncle and permitted the development of circum- 
stances that give the picture of interference dissocia- 
tion If there were specialized conducting pathways 
between the sinus node and the A-V node, as Eyster 
and Meek (1914 and 1922) interpreted their expen- 
ments to indicate, and if one were to assume the 
presence of an entrance block into the auricle, a 
curious phenomenon of a sino-ventncular beat 
without an auncular contraction could occur As 
Lewis et al (1914) incidentally noted m their 
criticism of Eyster and Meek s investigations, 
excitation potentials related to sino-auncula-ventn- 
cular nodal conduction without contingent auncular 


nature of nodal rhythm with and without retrograde 
conduction to the auncle would seem to be well 
agreed upon, and they are explained and illustrated 
in standard textbooks on electrocardiograph) 
The relatively short intervals in ventnculo- 
auncular and aunculo-ventricular sequential beats 
dunng heart block has probably attracted the atten 
tion of many investigators, and the problem was 
reviewed by Wolferth and McMillan (1929) "ho 
emphasized that the auncular elements of the 
sequences were represented by abnormally shape 
and usually inverted P waves The possible aun 
cular re-entry beats in this case (Fig 1 a" 
associated with conduction defects in the mam 
bundle and left bundle block complexes arc P ar ' 1 
cularly interesting in that there was neser retrogra 
conduction to the auricle during the long sequen 
of nodal rhythm 
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The onl) published electrocardiographic records 
seen that approach the nature of the tracings tn the 
case reported herein arc those shown in Fig 196 
of Scherf and Bo>d s Clinical Electrocardiograph 
(1946) The tracing is interpreted as showing 

extreme sinus brad>cardia through 2 l sinus block 

with escaped beats and interference dissociation 
with the conducted sinus beats showing an aberrant 
QRS complex owing to abnormal spread w ithin the 
ventricle The tracings demonstrating interference 


except for one conducted beat where there is im- 
paired bundle branch conduction 

In the present case the number of observations 
seems suflicient to establish evidence of an absolute 
pattern of conduction tn the main bundle and bundle 
branches dependent upon the time the P wave came 
after the R wave of the preceding nodal beat The 
switch front left bundle branch block to right bundle 
branch block occurred at a critical time interval and 
was associated with a sharp decline in total A-V 


NON-GONDUGTED 



SEC. 


Fig 3 The diagrammatic illustration shows the relationship of P waves, 
represented by the black rectangles, to the preceding R wave of the nodal 
t>eat in respect to whether they are followed by left or right branch block 
complexes or a normal QRS complex See text for explanation 


dissociation published by Jervell (1934) show coi 
plexes of the bundle branch form, but in these tn 
ings nearly normal QRS complexes may occur vy 
the same R-P and P-R intervals as those in vvhi 
the intraventricular conduction defect is present 
J ® m the P a P er by Cowan (1939) may ha 

m tha 7 t0 / hat 0f reported her, 

in that the records were said to show “ variable su 
auricular block, the auncular rhythm being " 
irregular and infrequent ” One tracing that v 
reproduced shows complete A-V dissociat; 


conduction (Fig 3) With the sequences showing 
left branch block there was a definite tendency for 
the total A-V conduction time to be shorter as the 
P wave fell farther away from the preceding nodal 
complex, but with the right bundle block complexes 
the total A-V conduction time remained relatively 
constant (Fig 4) 

One of the main difficulties in appraising the 
nature of the conduction of the interference beat is 
the lack of knowledge of the exact origin of the nodal 
beat within the junctional tissues If such know- 
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ledge were available the refractoriness of the upper 
and lower portions of the junctional Ussues relative 
to one another might haw been better estimated 
The difficulties of interpreting the effects of blocked 
retrograde impulses on the refractoriness and pos- 
sible supernormal phases of junctional tissues and 
myocardium have been emphasized by Langendorf 
(1948) and Mack et al (1947) 

One explanation of the phenomenon of the rapid 
alternation in the type of bundle branch block is 
illustrated in Fig 5 It is assumed that the nodal 
beat originated m the upper portion of the junctional 
tissues so that the mam bundle precedes that of the 
bundle branches in phases of excitation and refrac- 
toriness The earliest P waves followed by con- 
duction are shown to occur in the partially refrac- 
tory state of the mam bundle, and when the excita- 
tory process reaches the bundle branches, the left 


bundle branch is completely refractory and the nght 
partially refractory Left branch block associated 
with partial nght branch block is then present 
The term ‘ partial nght branch block ” is used as an 
equivalent to the term “ partial heart block ” when 
the latter means an abnormal prolongation of the 
P-R interval 

The diagram (Fig 5) shows rapid recovery in the 
left branch so that an excitatory process traversing 
the mam bundle at a later penod travels more quick]} 
through the left branch than through the nght and a 
nght branch block is manifest A supernormal 
phase of conduction in the left branch might be 
added to the basis for the explanation but seems 
unnecessary If the diagram as drawn were trull 
representative of the conditions, there would be a 
partial left branch block in addition to a manifest 
nght branch block 



mr a —A eraoh to illustrate the relationship between the R-P penod (the time mterval 
Fl ° fv-tweerfthe beginning of the P wave that is to be followed b> a icntncular complex 
Se pwceSng R ^ve of the nodal beat) and the P-R interval (the A-V conduct ion 
time) The sharp reducUon m total A-V conduct.on when left branch block is 
replaced by nght branch block is clearly shown 
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HYPOTHETICAL RECOVERY CURVES OF 
EXCITABILITY IN JUNCTIONAL TISSUES 



3“™, P art >al branch block’ is somevv 
record'nKt bCC f USe the com Plete cardiograp 
in boih h taU ^ d > W,1J ^ dependent u P° n conduct 

bundle branChES For exam P' e - > f ‘he 

m the n0rmal ' then depressed conduct 

, - "Sh 1 bund le branch gives nse 
bundle d [? I n0US of incomplete n 

the exncnmr Y ^ “ on S inall y discussed fr 
Points and clinical cardiographic vn 

thebundi^ 50 ^ and Herrrna on (1920) If b 
conducUwto^th^p ^f Ve s,m,Iar! y depresid zone: 
ORS complex^ P o 7 R “ ten ? 1 . B proIon S ed and 
complete lo Ss o r ° a * duratlon If ther ‘ 
for instana ,he left m ° ne bund!e bran 
the other the nehf dep u ressed conduction 
reported herem the, “ happened m ‘he c 

P - R 


Excellent illustrations of bilateral branch block 
have been published by Bain (1941), Case 3 in his 
article being of particular interest Incomplete 
heart block is shown, the usual mechanism being a 
2 1 heart block with right branch block, but 
occasionally two auricular beats arc conducted in 
sequence, the second of which shows a prolonged 
P-R interval and a left, rather than a right, branch 
block It seems reasonable to suppose m Bam s 
case that retarded conduction was present con- 
stantly in the right bundle branch, and when 
the left bundle branch conducted normally, right 
bundle branch block was manifest However, when 
the left bundle branch was completely blocked, the 
right bundle branch conducted after a delay, 
resulting in an increased P-R interval and left 
branch block 

fn the case reported herein it would seem a 
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justifiable assumption that the depressed zones of 
conduction in the bundle branches were associated 
with a pathological state in the upper part of the 
ventricular septum Utilizing the conception of 
unidirectional block related to the orientation of 
slightly depressed to severely depressed zones in 
the bundles, as outlined by Herrmann and Ashman 
(1931), one might explain the observed conduction 
defects in the following way The first excitatory 
processes to be conducted meet a severely depressed 
area in the right bundle branch which, however, is 
eventually traversed, while in the left bundle branch 
there is a slightly depressed zone above a severely 
depressed area and complete block m the left bundle 
branch occurs A tenth of a second or so later, 
the left bundle branch has recovered, the excitatory 
process passes quickly through it, and a right 
bundle block complex appears In general, it 
would appear that the right bundle branch con- 
duction defect simulates type 1 A-V block while the 
left bundle branch conduction defect simulates 
type 2 A-V block as classified by Mobitz (1928), 
type 1 being a progressive increase in conduction 
time culminating m complete block, and type 2 
being the sudden appearance of complete block 
without preceding increase in conduction time 
The possible relationship of the conduction 
disturbances to the clinical diagnosis of coronary 
insufficiency may be allowed if it be accepted that 
the blood supply to the conducting tissues were 
jeopardized When normal sinus rhythm was pre- 
sent, there was never any aunculo-ventncular or 
intraventricular conduction defect One might 
presume on a theoretical basis a further phasic 
decrease m blood supply during ventricular systole 


during which period the P wave that was to be 
followed by the bundle branch block QRS occurred 
Such a supposition concerning the effect of systole 
on the blood supply to an ischcenuc zone is the direct 
opposite to that proposed by Wolferth (1928) in 
explaining the A-V conduction m his case If the 
phenomena observed were the effect of anoxremic 
anoxia, the question of a possible elucidation of the 
problem from the work of Harris and Matlock 
(1947) a rises These investigators reported that the 
threshold of excitability was lowered and conduction 
rates increased in moderate anoxia while m seicre 
anoxia the reverse effect was obtained If the 
results were applicable to junctional tissues, one 
might explain the phenomenon of the sudden 
increase in conductivity and perhaps e\en an 
increase of excitability in the left ventricle in this 
case by assuming that a hypoxic environment 
changed from a severe state to a moderate one 

Summary 

A patient having intermittent smo auricular 
block and interference dissociation was found to 
have also bundle branch block associated with the 
majority of the interference beats The bundle 
branch block was either right or left, dependent 
upon the time relationships of the auricular beat to 
be conducted and the preceding R wave of the nodal 
(idioventricular) rhythm The possibility of an 
intraventricular supernormal phase of recovery in 
conductivity in the left bundle branch might K 
utilized m explaining the phenomena, but it is not 
necessary if different recovery rates in excitation ol 
the two bundle branches are hypothesized 
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There is no direct method of estimating accurately 
the function of the thyroid gland so other measures 
ha\e to be employed in diagnosing th\ roid deficiency 
and in regulating subsequent treatment Recogni- 
tion of tvpical cases of hvpothy roidism should not 
be difficult, but there are borderline eases with 
slight symptoms that arc not so easy to detect 
Standard methods of lmcstigation arc helpful but 
ha\e their limitations particularly in young children 
At this early age, for instance, accurate estimation 
of the basal metabolic rate is difficult and therefore 
unreliable The blood cholestrol lc\cl is usually 
raised m hypothyroidism, but the test may fail in 
early or mild forms of the disorder and other condi- 
tions may be associated with a high figure 
In searching for additional means of diagnosis 
attention has been drawn to certain electrocardio- 
graphic changes pointing to a disturbed action of 
the heart This method of investigation has been 
used onl> to a very limited extent in children and 
paediatric textbooks contain little or no information 
on the subject 


Electrocardiograms in Hypothyroidism 
In 1918 Zondek described cardiac disturbances i 
our adults suffering from hypothyroidism and o 
me basis of his observations introduced the ten 
myxoedema heart ” The main changes > 
escribed were cardiac dilatation, a depressed hea 
action with a slow pulse rate but normal bloo 
pressure, and the absence of the P and T waves i 
fl L m Car ', ogram After thyroid treatment all the; 
bnormahties disappeared Since then cardu 

tinned “ ,gat,ons of Hus condition have coi 
have ' n ? yxcEdematous adults, but the: 

(Con ’ ***** Terences to childrc 

Sharpey Shafer, i^ 27 ’ Fournier > 1942 > ar 

, ' w « d ™ a low voltai 
n nat r and flat or negative T waves On 


two references can be found to ahcrUions in the 
R-T segments Chini (1929) reported two niyx- 
rcdcnntous children in whom the segment hid t 
conseMts, * a lipo coromrico ’ similar to Pardee s 
original description in coronary sclerosis Ohlcr 
and Abramson (1934) found similar changes in 4 
of 21 adults with hypothyroidism Prolongation 
of the P-R interval has been obscryed in isolated 
cases (Luten 1920 Schittenhclm .and Cislcr 1927, 
Ztskin, 1930 Day is 1931 and Howard 1929) 
and a lengthening of the QRS complex in others 
(Hol7jnan 1929) 

Arrhythmias associated yyith myxoedema seem to 
be extremely rare Solitary eases of auricular 
fibrillation and occasional premature contractions 
have been described (Older and Abramson 1934, 
Guerrant and Wood, 1938, Willius and Haines, 
1925, Walker, 1933, and Austin, 1937) Brady- 
cardia of sinus origin or yyith complete heart block 
and the Stokes-Adams syndrome is sometimes 
encountered (Willius, 1925) Paroxysmal tachy- 
cardia is rarer still (Lisscr and Anderson, 1931) 

There is a general impression that abnormal 
electrocardiographic changes m myxoedema dis- 
appear in the majority of eases after some yyecks 
thyroid treatment Flattening of the P and T 
yvaves has been noticed after thyroidectomy designed 
to produce artificial myxoedema in the treatment of 
congestive heart failure and angina pectoris (Davis 
et al , 1934) or yvhen thyroidectomy has been earned 
out too liberally for Graves disease (Hamburger 
et al , 1929) Animal experiments in support of 
this have not, however, produced constant results 
(Burlage, 1922, Coelho, 1931, and Lueg, 1926) 

The Cause of Electrocardiographic Changes 
in Myxcedema 

Various explanations have been given of the cause 
of these changes An extra-cardial factor such as 
increased skin resistance has been one popular 
theory, but there is an increasing belief that an 


s 
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alteration in the heart and the conductive mechanism 
as a result of the hypothyroid state is primarily 
responsible 

Cutaneous resistance In order to overcome the 
possible effect of skin changes w myxcedema, 
Nobel et al (1924) used subcutaneous needle 
electrodes and found an increase in the height of the 
P and T waves compared to the tracing obtained 
with ordinary standard leads From this they 
concluded that the skin and not the heart was 
primarily at fault 

Other investigators have not been able to confirm 
these observations and, furthermore, alteration of 
skin conductivity could hardly account for the 
prolonged conduction time and other abnormalities 
observed The absence of cardiographic changes 
m skin diseases with extensive cutaneous thickening 
such as scleroderma and ichthyosis is also of some 
significance (Hallock, 1934) This has also been 
our experience in these disorders, in dermatomyositis, 
and with the widespread oedema of nephrosis 

Sherf and Boyd (1945) using a special electro- 
cardiograph were able to measure the electrical 
potential directly from the heart In myxcedema 
abnormally low potentials were recorded, indicating 
a lesion of the heart itself 

Pericardial effusion Some authorities have 
attributed the cardiographic changes to a pericardial 
effusion which may arise in myxoedema With 
thyroid treatment the accumulated fluid disappears 
and the cardiogram becomes normal, which might 
be advanced as further proof of the argument 
(Schnitzer and Gutmann, 1946) But on the whole 
these effusions are not common and we have never 
observed them in any child suffering from 


any obvious cardiac failure (Ohler and Abramson, 
1934) Myxcedematous swelling of the muscle 
fibres and connective tissue of the myocardium is 
the principal post-mortem change discovered, and 
it is this no doubt that produces the main effect on 
the cardiogram (Ord, 1880, Schultz, 1921, Ohler 
and Abramson, 1934, Misske, 1936, LaDue, 1943)* 
Arteriosclerosis of the heart is quite common in 
adult myxcedema and could partly account for the 
cardiac disturbance (Fishberg, 1924, Christian, 
1925, and Feldman, 1936) Coronary disease maj 
thus be responsible for persistent alterations in the 
R-T segment or T wave deflexions occasional!) 
remaining despite treatment (Ohler and Abramson, 
1934, and Fournier, 1942) 

Present Investigations 
The present investigation was earned out to 
ascertain whether electrocardiography can be of any 
diagnostic assistance in hypothyroidism in infants 
and young children, particularly when clinical 
evidence is doubtful In the course of these studies 
we were able to place increasing reliance on the 
abnormal type of tracing discovered, to watch the 
cardiogram revert to normal under treatment, and 
ultimately to use it as a control of the optimum 
amount of thyroid required Our studies were made 
on 24 cases, 6 boys and 1 8 girls, in whom cither 
cretinism or myxcedema had been diagnosed, depend 
mg on the age of onset Both are encountered in 
childhood, the one dating from birth but only 
becoming evident round about the third month, and 
the other appearing later m a previously health) 
child Myxoedema is relatively less common than 
cretinism, both were found to produce the same 


hypothyroidism 

Nervous factors A decreased tone of the auto- 
nomic nervous system might influence the deflexions, 
especially of the T wave, but here again it hardly 
seems likely that this factor alone could produce 
the various other abnormalities (Hamburger 
et a/, 1929, Ohler and Abramson, 1934, v 
Pfaundler, 1938 ) 

Antenna Secondary arnemia, nearly always pre- 
sent m myxcedema, has been suggested as another 
possibility (Tung, 1931), but no comparable cardio- 
graphic changes have been found in other forms of 
anaemia of a similar degree of seventy 

Myocardial disturbance In advanced hypo- 
thyroidism there may be a reduced cardiac output 
and enlargement of the heart, which might well 
modify the shape of the T wave (Means, 1925, 
Sherf and Boyd, 1945), but similar cardiographic 


cardiographic picture 

The cases fall into two groups — 10 in whom 
a cardiogram was taken before thyroid treatment 
was begun and 14 who were already under treatment 
before this examination was made 

Details of the 10 untreated cases in the first group 
are summarized in Table I Seven of them "ere 
under the age of one year when first examined 
In their appearance all 10 showed typical sign so 
hypothyroidism with a protruding tongue, dr) 
skm, thickened subcutaneous tissues, an umbilical 
hernia, hoarse cry, slow snaky movements, an 
constipation A delayed bone age was foun 
when radiological examination was earned out 

The electrocardiogram was abnormal in all cases 
the most constant finding being a low voltage curve 
In addition, changes in the R-T segment wer 
noticed in 8 cases which we came to regar 
characteristic These changes appeared cither as 


changes have been found in the early stages without characteristic These changes appea 

» See also Renort of the Committee of the Clinical Society of London (1888) and for amma expen 


(Goldberg, J 927) 
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TABLE I 

Tes Cretins Electrocardiogrvms taken nrrcmr Treatment was Startid 


Case j 
No I 
and i 
sex 

Date 

Present j 
age , 
(years) | 

1 F | 

12/9/47 

2/12 | 

1 

31/6/48 

11/12 

2 M 

14/4/48 ' 

1 

2/12 

3 F 

1 

17/8/48 j 

6/12 


7/9/48 j 

7/12 

4 F 

29/10/46 

15/7/47 

6/12 

1 

7/11/47 

20/12 j 

5 M 

i 

25/3/47 

1/4/47 

3/6/47 

6/12 1 

1 

21/7/47 

10/12/47 

1 

1 


6/4/48 

1 19/12 

( 

6 F i 

14/4/48 

j 10/12 i 

7 F 

i 31/3/47 

1 12/12 


, 25/5/47 

1 14/12 

8 M 

I 14/6/48 
] 17/7/48 

2 

9 M 

1 22/7/48 
j 30/7/48 

10/8/48 

19/8/48 

24/8/48 

30/8/48 

i 

1 6 

1 


6/9/48 

1 


21/9/48 

i 

10 F 

I 18/3/47 

1 8/4/47 

H 


i 7/11/47 

1 


1 6/1/48 

1 



Blood I Totil daily 
eholcs- thyroid (grains) 
tcrol j showing in 
(rng n /J j creasing dosage 




Low voltage, R-T HI abnormal 
Normal 

Low voltage R-T I and II abnormal, T I and 
II negative 

Low voltage, R-T I and R-T II abnormal 
Q III deep, otherwise normal 


+ -r- Low voltage R-T II abnormal, T I diphasic 

— i Normal left axis deviation 

— Normal, left axis deviation 

-E- — Low voltage 

- 1 - Same as 25/3/47 

— Q III deep, otherwise normal 

± Normal 

— Normal, left axis deviation 

± Normal 


-E- + 

-i- j. 

a. 

+ T 
J- 

T -E- 

+ + 

+ + 

+ 

+ 

+ 


+ + 
+ J- 
+ 


3/2/48 

13/4/48 


93 


Low voltage, R-T II and R-T III abnormal 

Low voltage, paroxysmal ectopic rhythm 
Normal, left axis deviation 

Low voltage, R-T II abnormal 
Normal 

Low voltage, R-T I and R-T III abnormal 
Voltage increased, R-T III abnormal, oc- 
, casionally S-A block 
j Normal rhythm Same as 30/7/48 
Voltage increased, R-T III abnormal 
Same as 19/8/48 
S-T III almost normal 
Same as 30/8/48 

Same as 30/8/48, left axis deviation 

Low voltage, R-T II and R-T III abnormal 
Voltage increased normal 

•r~rrr* and HI abnormal 
voItage gat,VC ’ otherw,se as 7/1 1/47, low 
S, andR - THI almost normal 


214 | 

02 

1 

i 

1 0 

216 

05 


0 75 

H4 

0 75 

185 

02 

160 ' 

1 5 


1 5 

143 ! 

025 

1 

04 


0 75 


1 5 

174 I 

1 5 

176 , 

1 5 

188 

05 


0 75 

146 

I 0 

462 

0 25 


10 

346 . 

H) 

322 j 

1 0 


05 

333 ' 

1 0 

258 

0 75 

190 

1-0 

183 

I 5 

185 | 

20 

246 | 

10 

1 

H) 

1 

1 0 

200 

1 5 

1 

20 

164 ' 

25 


m 0 rt n f !f C ° ff of the from the descendme 

«t i mt,al C ° n * fa ‘ 0r 15 a convex t7of n h! 

during the course ofth" C axammatJ ons were made 

.he .rLm B „ e” S ™ 8 Md 

to nom,aLTX,° h Z? T” ° r 

instance after 3 weeks tr«i rt Ume ’ ln 3 f " or 
from Cam 3 , *8 I .o4sk m 

8 are ‘Weal examples of the 


C u a r geS and aIteral,on ' n appearance 
of the children before and after treatment 

Airhythtmas were observed in two instances 
contractions in the first record 
d J 3nd sin °' aunc ular block on one occasion 
dunng the course of treatment in Case 9 

tn5 m° nt Ch ° leS L er01 Was estlmated In 8 cases before 
200 ™ atld ^ found to be above 

2Wmg per 100 ml in 5 and below this level in 3 
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Fig 3 


Fig 4 Tig 5 

Fig 3 —Electrocardiograms of Case 3, aged 6 months Standard leads (A) I7/S/4S Before treatment Low 
voltage curve and alterations in the S— T segments (B) 7/9/48 Three weeks after treatment with thyroid. \kj j 
grain a day) Normal tracing 

Pro 4 — Electrocardiograms (standard leads) from Case 8 , aged 2 years (A) 14/6/48 Before treatment Shows 
the characteristic changes in cretinism (B) 17/7/48 After treatment with thyroid for one month (dose 
gradually increased to 1 gram a day) Normal tracing 


Fig 5 —Tracings illustrating insufficient thyroid dosage Standard leads from Case 15, aged 10 years (A) 19/2/47 
Normal electrocardiogram after treatment with thyroid (3 grains a day) (B) 2/12/47 Changes appearing after 
decreasing thyroid to 2 5 grains daily for nine months (C) 20/4/48 Electrocardiogram has again become 
normal after increase of thyroid to 3 5 grains a day for two months 


Data concerning 14 cretins in the second group 
are summarized in Table II When first seen they 
all had the characteristic clinical appearance, but 
treatment had been started before the first cardio- 
gram was taken and in 13 obvious signs of hypo- 
thyroidism had disappeared The cardiogram was 
normal in 9 cases and in Case 12 the only change, a 
right axis deviation, was related to a congenital 
malformation of the heart which was a complicating 
factor 

Insufficient Dosage of Thyroid 
An abnormal curve was recorded at one period 
of our study in 4 children of this group (Cases 11, 
15, 18, and 22) and in each instance this was found 
to be related to inadequate dosage of thyroid 
In Case 11 treatment was begun without delay 
but in inappropriate amounts, 0 1 grain daily for a 
month, subsequently' reduced to 0 1 grain a week 
At the age of 7 months when the child first came 


under our care she still had a cretinous appearance 
and the cardiogram showed the typical abnormali- 
ties already described The blood cholesterol level, 
however, was not raised Thyroid was then in- 
creased to 1 5 grains a day and the cardiogram 
became normal 

Case 15 was first seen at the age of 17 months, 
having been on a dose of 3 grains of thyroid a 
day for 3 months A cardiogram taken at that 
time was normal During the following years her 
hospital attendance was irregular and thyroid was 
reduced to 2 5 grams a day We next saw her at 
the age of 10 years, normal in appearance, and we 
only realized that her thyroid level was sub-optimum 
when cardiograms in succession began to reveal a 
low voltage curve and changes in the R-T segments 
The dose of thyroid was increased to 3 5 grains a 
day, whereupon the cardiogram again became 
normal (see Fig 5A-Q 

Case 18 had no obvious clinical symptoms beyond 
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TABLE II 

Fourteen Cretins Electrocardiograms taken after Treatment was Started 


1 

Case No 
and sex 

Present 

age 

yrs mths 

■ 

Thyro 

Begun at 
yre mths 

1 

i 

id therapy 

Further Therapy 

Electrocardiogram 

Blood 
cholesterol 
(mg per 
ICO ml) 

Date 

Daily 

dose 

(grains) 

11 

F 

— 

7 

— 

3 

1/6/47 

04 

Low voltage inverted P III 

132 







11/9/47 

1 5 

Low voltage inverted P III 

140 







10/5/48 

20 

Normal 


12 

F 

1 

6 

— 

6 

15/4/48 

05 

Right axis deviation, extra systoles 

163 







29/7/48 

1 0 

Normal rhythm 


13 

F 

1 

— 

— 

4 

3/7/48 

025 

Normal 

| 1SI 

14 

M 

1 

— 

— 

8 


1 0 

Normal 

169 

15 

F 

10 

6 

1 

2 

15/3/38 

30 

Normal, left axis deviation 








19/2/47 


Inverted P III, left axis deviation 








2/12/47 

BEK! 

Low voltage, R-T II abnormal 








9/3/48 


Normal left axis deviation 

140 







20/4/48 

KB 

Normal, left axis deviation 


16 

F 

2 

— 

— 

8 

5/1/48 

1 5 

Normal 


17 

F 

2 

— 

1 

3 

8/6/48 

1 5 

Normal j 


18 

F 

3 

— 

— 

3 

15/6/48 

1 0 

Low voltage, S-T II and S-T III abnormal 1 

220 







27/7/48 

20 

Normal 

161 

19 

F 

■ 


| 

n 


1-0 

Normal 

167 

20 

M 

m 

2 


4 

2/7/48 

1 0 

Normal | 

21 

F 

m 

3 




20 

Normal : 

196 

22 

F 

6 

3 

2 



24/5/48 

20 

Low voltage 

460 







28/6/48 

20 

Normal 

120 

23 

F 

8 

4 

— 

7 

16/7/48 

1 5 

Normal j 



24 

F 

11 

2 

1 

5 

15/9/47 

1 5 

Normal j 



Only Cases 11 and 12 still showed a slight appearance of cretinism Case 12 also had evidence of a C0 J'® el j la * 
malformation of the heart In Case 22 thyroid treatment had been omitted for one month when first invcstiga 


a slightly increased cholesterol level Here again 
electrocardiography betrayed a subthyroid state 
and after 5 weeks increased dosage abnormalities 
m the cardiogram and blood cholesterol figure 
disappeared 

A similar sequence of events occurred in Case 22 
Thyroid which was taken in adequate doses for 
four years had been omitted for one month The 
cardiogram then taken showed a low voltage 
curve The blood cholesterol was among the 


highest observed (460 mg per 100 ml ) and >et there 
were no marked clinical features The tracing as 
well as the cholesterol level became normal one 
month after resuming thyroid treatment at the same 

dosage . . , 

Case 10 in the first group should also be included 
as a further example of inadequate therapy regu a L 
by electrocardiographic control (sec Fig 6A- 
Fuller details of these five cases wall be round 
Tables I and II 
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A ~B C D 


Fig 6 — Tracings illustrating insufficient thyroid dosage 
Standard leads from Case 10, aged 8 years 

(A) 18/3/47 Characteristic changes before treat- 
ment was started 

(B) 8/4/47 Normal tracing after thyroid, 1 gram 
a day for three weeks 

(Q 7(11/47 Seven months later Thyroid 
dosage still 1 gram a day The original changes 
have reappeared 

(D) 13/4/48 The thyroid dosage has gradually 
been increased to 2 5 grains a day for five months, 
and the curve is normal again 
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Ft rCTROCARDIOGRAPIKC AnALVSIS 

The nvun data arc summarized m Tabic III 
Heart rati The average heart rate of the 10 
untreated cretins was 107 a minute the lowest 
figure being 91 a minute (Case 6) In fact no 
marked brads cardn was observed but during the 
course of treatment the heart rate increased some- 
what m all these cases Tire greatest fluctuation 
occurred m Case 8 where the rate rose from 100 to 
140 a minute after one month s tlnroid administra- 
tion In the cretins under treatment the mean heart 
rate was 121 a minute a figure in the upper limit of 
normal for this age 

Stum arrln thnna The degree of sinus arrhvthmia 
was estimated by the method of Schlomha and 
Rcindell (1936) and was found to be diminished in 
untreated cretins in fact the heart beat in this 
condition, although slower in rate was found to 
have the regularity of a ‘ foetal rhvthni 

As a rule sinus arrhvthmia become more evident 
during treatment and in the children who had been 
taking thyroid for some time before they came 
under observation it was within normal limits 
Voltage deflexions Care was taken to standardi7c 
the string tension correctly (1 mv /I cm ) before 
each tracing was taken and between each lead The 
mean values of the various elements arc shown in 
Table III and it is obvious that QRS and T deflexions 
arc considerably smaller in untreated cretins than 
in healthy children A negative T wave in lead III 
was seen in 8 cases, but by itself we do not regard 
this as abnormal and Hafkesbnng ct al (1937) found 
it present in 40 per cent of healthy children 


Group I 


TABLE III 

Low Voltage Electrocardiography Deflexions in Twenty-four Cretins 


Standard leads 


Group 11 After treatment I 


cases 


Before treatment I 

II 

III 

After treatment I 

II 

III 


10 


II 

III 


14 


Average t 
age 

Heart 

P 

Q 

R 

S 

T 

(years) 1 

rate 

mv 

mv 

mv 

mv 

mv 

2* 

1 

004 

0 05 

034 

0 13 

0 14 

107 1 

0 10 

0 12 

0 58 

0 03 

0 17 


1 

, 0 05 

0 15 

044 

0 01 

0 05 

l 

132 J 

r Oil 

004 

1 01 

023 

0 30 

3 -fl 

015 

0 13 

I 10 

0 16 

0 31 

1 

I 

l 004 

0 32 

0 65 

0 16 

004 


121 < 

f 0 10 

004 

' 0 79 

031 

0 28 

2ty 

0 14 

0 07 

0 82 

0 10 

0 27 



l 0 06 

0 19 

0 57 

0 10 

0 02 


. Nor mal figures for comparison 
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S=0 39/RR-0 04sec 

s = 0 3SyRR 
S = 0 39^RR+ 0 04 sec 


DURATION OF SYSTOLE 
10 CRETINS 

o BEFORE THYROID TREATMENT 
• AFTER THYROID TREATMENT 


‘QCVjQQOKtOtOioiO^^^ 

RR-DISTANCE IN VlOO SEC 

Fig 7 — The duration of systole in 10 cretins before and after thyroid treatment It was increased m most 
of the untreated cretins and became normal after thyroid therapy 

Mean values in normal subjects 

Normal range of variation 


During the course of treatment the low voltage 
curves disappeared and QRS and T resumed their 
normal shape and height fairly rapidly This is also 
true of the P waves, particularly in lead I, although 
it should be realized that wide variations exist in 
normal children (Burnett and Taylor, 1936) The 
Q waves in lead III also tended to increase when 
thyroid was administered, but this was not seen in 
the first two leads 

In addition, left axis deviation appeared for a 
time in 5 cases In fact it can become permanent 
and in one girl who has been under our care since 
infancy on regular and adequate thyroid therapy, 
left axis deviation is still present at the age of 1 7 
years although clinically and radiologically the 


heart appears normal and there is no evidence of 
left ventricular hypertrophy 

P-Q and Q-T w/enals The P-Q interval usuallj 
decreased slightly during treatment, the greatest 
change being from 0 16 to 0 12 sec (Case 9) The 
mean values of the P-Q interval did not, however, 
show any obvious difference in the various groups 
included in Table III 

The duration of systole was calculated according 
to a formula suggested by Hegglin and Holzmann 
(1937) These authors have shown that normal 
values of the duration of systole (length of Q-T) 
plotted against the corresponding frequency of 
ventricular contractions (RR interval) will lie in an 
area on a graph limited by two lines and expressed 
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RR- DISTANCE IN ViOO SEC. 

Mean values in normal subjects 
Normal range of variation 


7 2* <l So“,iS°! e ™ d “''» Prolonged ,„ 
limits after thyroid hari n iv^ nd Came Wltflin nor mal 

ln S calculi oTS made^Ti „ t COrrespond - 

already received h ? 14 chddren who had 

records were taken (Fig Cardlographlc 

* at «“ Prolonged 0 ^™°" ° f Sys " ,fe 

OoenPon.'irSs^T^’'!™™ 

a PPcarance suggests cretimc i, ' vh ' c ^ an infant’s 
-n»l«e, y 


ha w f 111 O'u d,agnos,s ln such circumstances we 
have found the cardiograph a great help 

toiririr ** quoted An mfant «*« brought 

an umhL T t0ngUC protrudm S since birth aid 

XSv r a ' but with n ° ° ther d,nicai 

tn hy r h r' d ' Sm A tematlve diagnosis 
silin l, u 3d been made wh,ch was rather 
normal m? thC bl °° d cholestero! was found to be 
showed a iw^ ft f 100 ml > and ^ examination 
was tho a 0n ! ia b°ne age A normal cardiogram 
macroeW^ 1116 factor ’ a diagnosis of simple 
and the child* ** k ^ n ° thyroid administered 

withaton^ ld , SUb r iUCntly developed normally 
with a tongue reduced to the right size 

hos2L5! d r 0nglna,ly adnutted to the 
P for seborrhceic eczema and gastro-ententis 
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Fio 9 — Electrocardiograms from Case 9, aged 6 years (A) 22/7/48 Standard 

leads taken before treatment show the characteristic changes of cretinism 
(B) 24/8/48 One month after treatment with thyroid (1 grain a day) 
Voltage increased, abnormalities m R-T segments disappearing. (Q 21/9/48 
One month later, dosage of thyroid has been increased to 2 grains a day 
Left axis deviation, otherwise almost normal tracing (D) 30/7/48 Three 
unipolar chest leads taken one week after beginning of the treatment with 
thyroid (1 gram a day) Abnormal S-T segments mV 1 , flat upright T in 
V 2 and low voltage curve m V 5 (E) 21/9/48 Three unipolar chest leads 

after two months treatment with thyroid (dosage gradually increased to 2 
gramsaday) S-T segment deviations m V 1 less marked, inverted T wave 
lit V 2 and voltage increased m V 5 


The general appearance at that time also suggested 
a slight degree of hypothyroidism, a diagnosis also 
favoured by an increased blood cholesterol level 
Thyroid therapy was given for four months, but 
when two early cardiograms m succession were found 
to be quite normal, treatment was stopped with no 
detrimental effect on the child’s subsequent healthy 
development 

Discussion 

These studies have shown that characteristic 
changes m the electrocardiogram occur in untreated 
cretins which are reversible in a comparatively short 
time on thyroid administration If the dosage is 
interrupted or becomes inadequate cardiographic 
abnormalities reappear Alterations m cutaneous 
resistance are probably partly responsible for the 
cardiographic changes because the voltage of the 
deflexions is considerably increased by the use of 


subcutaneous leads, a phenomenon we haw also 
observed in normal subjects Such myxttdematous 
skin infiltration can, however, only play a minor 
part Changes in the R-T segment, which are also 
present in unipolar chest leads, and prolongation of 
systole could not be explained on this basis (sec 
Fig 9A-E) 

Pericardial effusion, occurring at times in aauii 
myxcedema, has not been encountered by tis in 
cretins, and arteriosclerosis of the coronary vessels 
has not had time to develop at this age and canno 
therefore be responsible for the R-T changes 
Amemia is also not a contributory factor, it 1S 
never profound and more than once the cardiogram 
was observed to return to normal during trea (men 
without any corresponding improvement of t c 
blood count Nervous factors may have some 
effect on the cardiac action in cretins and the O'v 
degree of sinus arrhythmia present may be pa y 
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an indication of this (Landtman, 1947), but from 
all the evidence direct involvement of the myo- 
cardium seems to be the most likely cause of the 
mam cardiographic changes Myxccdcmatous in* 
filtration causes the heart muscle to swell and is 
likely to interfere with its action Thy roid treatment 
rapidly restores the heart to normal and tn this wav 
the pathology is somewhat reminiscent of the heart 
m benben which quite rapidly becomes normal w hen 
appropnate treatment is given without delay (Weiss 
and Wilkins, 1937) 

Summary 

Studies of the electrocardiogram were carried out 
on 24 infants or young children with hy pothy roidism 


and the changes found are described Evidence is 
brought forward of the value of this method of 
investigation in regulating the dosage of thyroid 
required and in the diagnosis of doubtful cases The 
possible cause of these changes is discussed and 
evidence is produced pointing to direct myocardial 
involvement 

Wl arc gnlcful to i number of our colleagues for 
pheing their eases at our disposal and lo Mr Den.) 
Minin and Mr A 11 Prickctt tor their pitient co oper i 
tion mil teehn cal assistance 

Thanks arc due lo The British Council for the facilities 
granted to one of uv (B L ) in his studies in ihis country 
and to The Academy of 1 inland for a scholarship granted 
to him 
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Despue the many conflicting reports published unh i placebo sim.hr in appearance and m taste 
regarding the effect of thiocyanate on high blood but containing no thioevanate This was done onU 
pressure it has been shown (Alstad, 1948) that there after a significant fall in blood pressure had cc- 
were indications that in certain patients high blood curred or after the patient had been treated for at 
pressure may be reduced by such treatment AUu- least thr^c months, that is at n time when such a 
sion was made to the impression that the fall was fall might have been expected Care was talcn to 
due to a reduction m both the basal and the supple- continue the routine of examination and blood 
mental pressure, taking basal to mean the pressure sampling in a manner exactly comnarablc to that 
recorded after the removal of certain stimuli both adopted when thiocxanatc was being gixcn It was 
intrinsic and extrinsic, and supplemental to refer to possible to arrange tins control in 27 patients, the 
the part of the casual blood pressure that reflects remaining 5 being omitted because of discontinuance 
the physical, emotional, and metabolic activity of of treatment due to change of location or of some 
the patient at the time (Alam ct al , 1943) complication of therapy The results arc shown 

Thirty-two patients, selected because of a certain m Table 1 
degree of hypertension, were investigated and were 

treated with potassium thiocyanate in doses varying Basal Blood Pressure Reduction 

fromO 3 to 09 g daily, most of them for over nine The basal blood pressure being recorded under 
months The average age of the group was 56 years, conditions calculated to remove the effect of 
twenty being over 50 years, and eight over 60 years intrinsic and extrinsic stimuli, is probably a very 
of age Females predominated over males, the reliable measure of the minimum pressure to which 
ratio being 21 of the former to 1 1 of the latter No the cardiovascular system is subjected It indicates 


patient was rejected because of complications of 
hypertension such as encephalopathy, angina 
pectons, or previous cardiac failure The casual 
pressures were recorded in a separate examination 
room after the patient had been recumbent for a 
few minutes, basal blood pressures were taken in 
hospital after a night’s rest assured by hypnotics, as 
described by Kilpatrick (1948) During treatment 
blood was removed weekly for serum thiocyanate 
estimation until a desired level was obtained, there- 
after the estimations were earned out at longer 
intervals 


The dose of a therapeutic agent vanes fn 
patient to patient and in such an investigation 
this the drug must be used m an effective amou 
hence the difficulty of determining a control se, 
exactly comparable To overcome this it \ 
ccidcd to attempt to control the patients agai 
themselves, achieving this by replacing the d 


the level to which the casual pressure may fall and 
is the guide to the fixity or lability of the hvpcr- 
tension according as the difference between it and 
the casual pressure is small or great In the 32 
patients examined an interesting relationship exists 
between the basal and casual pressures as shown in 
Fig I Those patients with high casual pressure 
tend to have associated high basal pressure, indi- 
cating that an increase in the basal pressure is 
responsible, in part at least, for the high casual 
pressure in hypertensives 

Reduction of the basal blood pressure in any 
way, if produced by simple methods, would be of 
considerable importance to hypertensive patients 
It is known that this may be effected by sympa- 
thectomy though not necessarily permanently That 
a reduction may be produced m some cases by 
thiocyanate is seen from the fact that m 20 patients 
or 62 per cent, a fall in basal pressure of greater 
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Fio 1 — Relationship of initial basal pressure to initial casual pressure 


TABLE I 

Reduction of Blood Pressure in Thirty-two Patients Treated with Potassium Thiocyanate and \uth 

a Placebo 


Case 

No 


Initial pressure 


Casual 

(Cl) 


Basal 

(BI) 


Supple- 

mental 

( SI ) 


Reduction with treatment 


Casual 
(Cl- CT) 


Basal 

( BI - BT ) 


Supple- 

mental 

(SI-ST) 


Reduction with placebo 


Casual 
(Cl- CP) 


Basal 

( BI - BP ) 


Supple 

mental 

(SI-SP) 


190/110 
215/135 
184/104 
232/128 
228/132 
230/120 
180/1 JO 
240/124 
188/108 
213/130 
210/140 
225/163 
254/140 
235/140 
230/130 
241/137 
170/131 
185/110 
193/128 
185/120 
211/123 
200/95 
200/120 
239/125 
275/146 
220/120 
231/130 
242/121 
209/120 
234/117 
263/145 
265/161 


128/84 

170/116 

132/82 

170/106 

170/108 

172/102 

142/94 

210/112 

160/90 

142/74 

176/122 

183/131 

204/120 

190/120 

168/120 

163/85 

137/100 

141/92 

153/114 

145/102 

163/102 

136/73 

136/90 

171/107 

186/114 

192/106 

193/115 

227/125 

185/115 

189/104 

217/127 

199/140 


62/26 

45/19 

52/22 

62/22 

58/24 

58/18 

38/16 

30/12 

28/18 

71/56 

34/18 

42/32 

50/20 

45/20 

62/10 

78/52 

33/31 

44/18 

40/14 

40/18 

48/21 

64/22 

64/30 

68/18 

89/32 

28/14 

38/15 

15/0 

24/5 

45/13 

46/18 

66/21 


65/30 

47/22 

64/24 

52/20 

60/32 

40/20 

40/22 

65/24 

44/20 

63/40 

40/30 

35/33 

44/30 

45/20 

70/40 

42/37 

41/43 

41/20 

33/18 

35/20 

30/23 

32/20 

40/20 

29/22 

35/10 

30/10 

20/10 

21/9 

20/10 

24/16 

30/15 

9/10 


40/32 

30/16 

36/18 

24/10 

38/30 

30/18 

20/20 

28/12 

30/16 

22/14 

28/10 

47/39 

18/18 

44/18 

36/30 

41/13 

15/12 

25/10 

17/12 

15/12 

11/2 

0/7 

0/0 

17/5 

14/12 

18/2 

0/0 

0/3 

8/0 

16/5 

13/23 

14/12 


25/0 

15/11 

28/6 

28/20 

12/2 

10/2 

20/2 

30/12 

14/4 

41/26 

12/18 

0/0 

26/12 

1/2 

34/10 

1/24 

26/31 

16/0 

16/6 

20/8 

20/22 

36/14 

40/20 

12/10 

12/8 

12/14 

23/14 

0/0 

2/6 

18/0 

14/0 

0/0 


20/0 

15/15 

34/4 

32/16 

18/12 

10/10 

30/16 

18/4 

18/0 

43/40 

10/10 

14/19 

22/10 

5/8 

36/10 

7/15 

20/36 

20/0 

13/10 

15/10 

0/4 

20/4 

30/10 

9/12 

9/6 

10/0 

10/10 


+6/0 

12/4 

18/8 

+ 4/+10 

12/4 

+ 41+4 

6/6 

0/+6 

41+2 

8/2 

+ 41+6 
4/0 
+ 6/0 
6/0 
14/0 
5/+5 
+ 3/6 
1/6 

+ 31+2 
412 
2/0 
0/7 

+ 41+4 

3/3 

0/0 

2/0 

0/2 


26/0 
3/11 
16/+4 
36/22 
6/8 
14/14 
24/10 
28/ 10 
14/2 
35/38 
14/16 
8/17 
28/10 
+ 1/8 
12/10 
2/20 
23/30 
19/+6 
16/12 
11/8 
0/1 
25/0 
34/14 
8/8 
8/8 
8/2 
13/8 
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Fig 2 — Relationship of basal pressure reduction to initial basal pressure 


than 15/10 mm was produced In 12 of these the 
reduction was greater than 25/15 mm Falls in 
basal pressure less than 15/10 mm were disregarded, 
for although work in this department has shown 
the basal blood pressure to be a physiological con- 
stant in normal individuals and in hypertensives to 
be much less variable than the casual pressure it 
was felt that variations less than 15/10 mm might 
come within the possible range of hypertensive 
fluctuation The average fall was 25 8/15 7 mm in 
the 20 cases mentioned while in the remaining 12 
the average fall was 10/6 mm If the fall in basal 
pressure is correlated with the initial basal blood 
pressure as in Fig 2 there is an indication that the 
greater reductions tend to occur in patients with 
lower and moderate basal pressures This tendency 
might be expected for one would anticipate high 
basal pressures in those with fixed hypertension and 
with more advanced pathological changes, and this 
is what obtained in this senes as will be shown m 
another section 


With the use of a placebo the results were uniform 
no matter the extent of the reduction, the basal 
recordings with a placebo were similar to those 
before treatment commenced (cf Fig 3A) Thai 
the lowered basal pressure dunng treatment returned 
to within a few millimetres of its former level is 
taken to mean that the drug alone must account foi 
the reduction, else with a placebo the pressure 
would not have returned consistently to the previous 
evel Had the basal pressure under the influence 
? if £, ace °° not come back to the initial level (as 
M ^ een occ urred with the supplemental pres 
u e) influences other than thiocyanate might havi 
been responsible for the fall There were thre. 
instances m which the reduction of basal bloot 
pressure was maintained or returned very slowly t< 
mer evels even after thiocyanate was withdrawn 


complete!) for periods of up to three months during 
which no other treatment was given Apart from 
the possibility of the initial readings not being trulv 
basal a simple explanation seems to be that the 
cficct of thiocyanate in these cases greatly outlasted 
its presence in the blood Tins prolonged cfTcct 
has been noted by other investigators (Kurtz ct al , 
1941, Fischman 1948) Thiocyanate appears to 
act by altering some internal mechanism, an action 
usually operative during its administration onH but 
which is sometimes protracted 

Supplemental Blood Pressure 
The supplemental blood pressure may be regarded 
as an index of the effect of various extrinsic stimuli 
acting on the patient at the time of recording This 
part of the casual pressure has been shown by 
Smirk (1944) to be a variable independent of the 
basal pressure and accountable in the hypertensive 
for about one half of the increase above normal of 
the casual pressure (Smirk, 1944) With the removal 
of the excitatory causes as in sleep or with the con- 
ditions under which the basal pressure is recorded 
the supplemental pressure will approximate to zero 
at which level the blood pressure would, of course, 
be basal That the supplemental pressure of a 
group of hypertensives would fall with any treat- 
ment, medicinal or psychological, might be antici- 
pated as affecting the physical and emotional 
reactions of the patient In the patients under 
observation the average supplemental blood pressure 
was 48/22 mm or about the level already noted in 
studies on hypertensives conducted in this depart- 
ment (Kilpatrick, 1948) Under treatment the 
average supplemental pressure was reduced to 
27/12 mm The fact that, in all patients who were 
given a placebo, the supplemental pressure with it 
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Fjg 3 (A) Relation of initial basal pressure (BI) to basal pressure with placebo (BP) 

(B) Relation of supplemental pressure dunng treatment (ST) to that with placebo (SP) 

(C) Evaluation of therapeutic influence of treatment (of text) 

(D) Esaluation of treatment on influence of extrinsic stimuli (of text) 

(E) Relation of initial basal pressure (BI) to initial supplemental pressure (SI) 

(F) Relation of reduction of basal pressure (BI-BT) to reduction of supplemental pressure (SI-S I; 
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approximates to that during treatment (cf Tig 30) 
indicates that the reduction nlTcctcd in supplemental 
blood pressure is a psvchological one, for one could 
not expect an alteration in the influence of emotional 
stimuli when the patient is unaware of any change 
in the regime or medicine If the effect were 
otherwise the supplemental pressure would be 
greater with a placebo than with the use of thio- 
cyanate The supplemental pressure fall in those 
patients with no significant alteration in basal 
pressure represents the total effect of thioevamte 
therapy and therefore is due only to the psycho- 
logical effect of treatment The psschological effect 
of thiocyanate therapy therefore may be estimated 
by the difference between the initial supplemental 
pressure (SI) and that with a placebo (SP) This 
measure of the influence of thioevanate in the 
supplemental pressure as opposed to its effect on 
the basal pressure may be shown anthmcticalh to 
equal the difference between the initial casual 
pressure (Cl) and the casual pressure with a placebo 
(CP) since the casual pressure by definition is the 
sum of the basal and supplemental pressures and 
as the basal pressure under treatment and with a 
placebo is the same The relationship m this senes 
between the differences of the initial casual and 
supplemental pressures and those with a placebo, 
CI-CP and SI-ST, respectively, is indicated in 
Fig 3D in those patients whose reduction in pressure 
was significant, the formula CI-CP allowing of a 
more direct estimate of the psychological influences 
of treatment of patients m w'hom, for any reason 
basal recordings are unobtainable Again as the 
supplemental pressure with thiocyanate and with a 
placebo have been shown to be approximately the 
same (cf Fig 3B) it follows (because the casual 
pressure is the sum of the basal and supplemental 
pressures) that the measurement of the direct effect 
of thiocyanate (BI-BT) will be the same as the 
'Terence between the casual under treatment and 
with a placebo (CP-CT) so allowing of a measure- 
ment of this influence without the necessity of 
aving recordings of the basal blood pressure 

at t is relationship is present m this senes is seen 
y scrutiny of Fig 3C These relationships are 
present only when there is a significant fall m 
Pressure with treatment 

When the relationship of the initial basal and 
v„u P i! mCntal pressures is regarded (cf Fig 3E), it 

prcssm-pTr l v at there lS a tendenc y for higher basal 
pSu^ associated with lower supplemental 

8 were 8 ,° f ,° basaI Pressures over 180 mm 
than 4S^,° Cia ed u^ Vlth suppIemen tal pressures less 

zzir ’ ; vh,le of 18 under 180 ^ ^ had 

A possibt P ? emental pressures less than 45 mm 

Possible explanation may he in the fact that most 


of the patients whose bisal blood pressure was over 
ISO mm were those in whom pathological changes 
were more advanced and therefore the cardio 
vascular svstcni would Ire less able to reflect the 
effects of extrinsic stimuli Smirk (1944) found the 
basal and supplemental pressures were substantially 
independent variables in a group of patients with 
essential bvpcrtension selected for the absence of 
congestive heart future and other complications 
Kilpatrick (194b) showed tint when heart failure 
occurred the supplemental pressure was reduced in 
greater degree relative to the bisal It is not sur- 
prising, therefore tint m the present scries of c iscs 
including both groups tli it some of the more 
advanced Inpcrtcnsivcs with heart failure or im- 
pending fnlurc have lower supplemental pressures 

K would be hkclv is the effect of thiocyanate on 
the supplement ll pressure is independent of the 
effect on the bisal tint the reduction effected in the 
former would bear no relation to tint produced in 
the latter this is indicated in Fig 3F which shows 
the basal pressure reduction plotted against the fall 
in supplemental pressure 

It would appear, therefore that the effect of thio- 
cyanate therapy on hypertensives in reducing blood 
pressure is a direct one as measured by the fall in 
basal pressure and also an indirect one as measured 
by the reduction in supplemental pressure the com- 
bination of influences being responsible for the 
alteration produced in the casual blood pressure 

At this juncture one may conveniently regard the 
blood pressure reductions in the light of the extent 
of pathological change evident in the patients 
examined All the patients m this scries showed 
evidence of pathological changes associated with 
hypertension, whatever the xtiology, and this may 
be because the average age was over 55 years All 
patients except two had some degree of cardiac 
enlargement involving the left ventrical which was 
of the typical hypertensive shape, it was possible to 
classify the enlargement as minimal, moderate, and 
considerable Electrocardiography showed left axis 
shift in all cases, with a varying degree of left 
ventricular strain in over 50 per cent, particularly in 
those with large hearts As the retinal vessels are 
the only ones capable of direct examination it was 
largely on the basis of retinal vascular change that 
the following clinical classification of the patients 
depends Four subdivisions seemed practicable 
namely 

Group 1 (a) Minimal retinal changes in the 

shape of tortuosity and mild arterial constriction 
Slight or no cardiac enlargement Left axis devia- 
tion 

Group 2 (b) Moderate retinal changes, tor- 

tuosity, vascular constriction and nipping of the 
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arteriovenous crossings Moderate cardnc enlarge- 
ment 

Group 3 (c) Marked retinal change but without 

papilloedema, hemorrhage or caudate Cardnc 
enlargement usuallv moderate 
Group 4 (d) Marked retinal changes including 

hemorrhage exudate, and papilloedema Cardiac 
enlargement usualh considerable 

TABLE 11 


Relation of Reduction in Casuvl \nt> in B vsvl 
Blood Pressure to Associated Vascular Change 
in Patients warn Hvtertension 


Gimcal 
sub- 
division 
(see text) 

Number 

of 

patients 

No showing 
reduction of 
Casual pressure 
of more than 
40/20 mm 

No showing re 
duetton in Basal 
pressure greater 
than 

20'10 IS/IO 
mm mm 

Group 1 

9 

1 

6 

8 

Group 2 

3 

1 

1 

2 

Group 3 

15 

S 

6 

9 

Group 4 

. 5 

l 

1 

1 

Total 

32 

IS 

14 

20 


It wall be seen from Table JI that reductions in 
casual blood pressure occurred in each group, but 
the incidence of reduction was greater in groups 1 
and 2 than in 2 and 3 Indeed, out of 12 patients 
in the first two groups 9 had significant falls of 
casual pressure while in the latter two groups, 9 out 
0 20 patients showed any significant reduction in 
pressure When the basal pressure reductions arc 
viewed in the light of the degree of pathological 
ange evident in the patients a similar distribution 
w 711115 11 would appear that reductions in 
oo pressure tend to occur more easily in patients 
n w om the pathological changes associated with 
hypertension are least in evidence , such a conclusion 

thc findlngs Watkinson and 
mans (1947) m this respect 


Dosage and Blood Levels of KCNS 

"ft* ° f the 111X18 was a v anable conditioned 
Pat ' ents by lhe response m blood 
‘hat to sS?, 0 L , ExpeneDCe had a! ready showr 
of comnlicat, a hl6h dosagc was t0 invite the onset 
and eaL? 1 ? S part,cular) y m the form of rashc 
UpSet ’ hence the dos< 

^re recorteTm^m 038 da,,y Blood level: 
modification of Lrt f ' y lnlervals USIn § Bowler’ 
n of Barkers technique (1944) If th 


blood pressure response were inadcqintc after four 
weeks the dose was increased bv 0 15 g dails It 
was found that 0 45 g was the dose usualh ncccs- 
snr\ to produce a reasonable fall in basal and in 
casual pressure If however such a fill did not 
occur thc dose was again increased in several 
instances to 0 9 g datlv Generali) the blood level 
followed thc dose and larger doses were productive 
of higher scrum concentrations (cf I tg 4) It was 
noted that thc lack of response in patients in whom 
no satisfactorv fall of blood pressure was attained 
could usuallv lie attributed to the development of 
some complication of thioevanate eg rash or 
diarrhoea carh in treatment in which case thc drug 
was discontinued Some patients did not have an 
appreciable fall in blood pressure despite large doses 
of drug and thc attainment of high blood concen- 
trations, eg over 20 mg per 100 ml Further- 
more in almost all patients in whom thc pressure 
fall was adequate a dose ofO 45 g daily was sufficient 
and this gcncralh produced blood levels in thc 
region of 8-12 mg per 100m! (cf Tig 4) It would 
seem therefore that an adequate blood level must 
be maintained in the region of 10 mg per 100 ml , 
which is best produced slowlv and that if thc 
patient docs not show a fall in blood pressure when 
thc level is raised to tins extent they are most un- 
likely to do so bv attempting to raise it still higher 
In several instances blood levels of over 25 mg per 
100 ml were maintained for several weeks without 
producing a further fall in blood pressure 

Here one would remark that if a careful check is 
maintained on thc scrum level or thiocyanate and 
if thc patient is seen frequently there appears to be 
little danger of untoward effects of therapy Com- 
plications in this series were infrequent and took 
the form of rashes and gastrointestinal upsets in 
four eases In one only were mental symptoms 
encountered As thc average age in this senes was 
55 years it would indicate that age is no contra- 
indication to therapy 

Summary and Conclusions 
Selected patients with hypertension have been 
treated with thiocyanate over penods varying from 
one to twenty months A reduction in basal blood 
pressure of more than 15/10 mm was noted in 
twenty or 62 per cent of the patients The greater 
reductions tended to occur with the lower or 
moderate blood pressures This reduction m basal 
pressure has been shown to account for a propor- 
tion of the casual pressure fall and it has been 
suggested that the diminution in basal pressure 
represents the effective fall directly due to the 
therapy utilized, in this case, thiocyanate 
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Indications have been given that the effect of the 
psychological influence of thiocyanate treatment 
may be measured by taking the difference in casual 
blood pressure initially and that occurring with a 
placebo, or by subtracting the supplemental pressure 
under treatment from the initial supplemental 
pressure This latter measure of the psychological 
influence of treatment depending on the conception 
that the supplemental pressure is an index of the 
effect of physical, metabolic, and emotional stimuli 
of which, under the conditions of this investigation, 
the emotion was the principal factor In addition, 
the therapeutic effects of thiocyanate might be 
gauged either by taking the difference between the 
basal pressure before and during treatment or by 
the difference between the casual pressure under 
treatment and with a placebo This was shown to 
be expressed conveniently by the equation Cl— CP 
=BI— BT where Cl and CP respectively were casual 
pressure initially and with a placebo, and BI and 
BT were the initial basal and the basal pressure 
under treatment 

It has been shown that greater reductions are to 
be anticipated m patients in whom permanent 
pathological changes secondary to the hypertension 
are not advanced The more these changes are in 
evidence as judged by heart size, electrocardiogram, 
and fundal examination, the less likelihood is there 
of any influence occurring with thiocyanate 


The following conclusions can therefore be drawn 
from this study 

The influence of potassium thiocyanate in reducing 
significantly the casual blood pressure in selected 
patients with hypertension is due to a diminution m 
both basal and supplemental pressure 
The reduction m basal blood pressure probablj 
represents the direct effect of thiocyanate on the 
cardiovascular system 

The reduction in supplemental blood pressure 
with thiocyanate is a measure of the influence of 
this treatment in diminishing the effect of extrinsic 
stimuli on the patient, and is produced in a manner 
similar to the effect of a placebo 
The larger reductions in basal blood pressure arc 
found m patients m whom pathological changes in 
the cardiovascular system are not advanced 
The optimal serum concentration of potassium 
thiocyanate is 8-12 mg per 100 ml which may be 
attained usually by a dose of 0 3-0 45 g daily 
Toxic effects are commoner with levels above this 
limit, but with care the serum concentration may 
be raised to much higher levels without complica- 
tions, although it is not considered advisable to 
produce blood serum levels above 1 2 mg per 100 ml 
If the desired effect of thiocyanate therapy is not 
produced by serum concentrations of 8-12 mg per 
100 ml it is unlikely to occur by increasing the dose 
and the blood level 
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The introduction of radiokymography dates 
from the pioneer work of Gott and Rosenthal 
(1912) The modern multiple slit kymograph was 
developed subsequently by Stumpf and his co- 
workers (1934), while later studies were made by 
Faber and Kjaergaard (1936) and Bordet and 
Fischgold (1937) In an earlier paper one of us 
(Wood, 1939) described the kymographic patterns 
that comprise the borders of the normal cardiac 
silhouette 

In the present study, X-ray kymography has been 
applied to the diagnosis of patent ductus arteriosus 
The development during the past decade of the 
surgical treatment of the condition has greatly 
maeased the importance of a diagnosis that may be 
difficult In some cases the characteristic con- 
tmuous murmur is not present and according to 
statistics quoted by Brown (1939) the pathogno- 
monic murmur is absent m more than half of the 
cases On the other hand Taussig (1947) claims 
that the diagnosis is based on the finding of a con- 

nuous murmur over the pulmonary area and that 
b J“ sd “ “;™™ ur l! P*** diagnosis cannot 

I 

spared to determine ml ’ effort must be 
consider that the rariinW 1 ^ ^ dlagnosis We 
"hich w e now present ?' rn< ?f rap bic appearances 

diagnosis of patenT ductus°^ P P l ° P ' aCC the 
basis us art enosus on a secure 


Method or Iwtsticiaiion ami R vnirx.R u iik 

Trciisiour 

We hasc made radiokymographx in every patient 
m w hom a diagnosis of patent ductus arteriosus was 
made or entertained The majority of these later 
came to operation and m every instance the diagnosis 
was confirmed The kymographs were all taken 
with the moving grid technique at a focus film 
distance of four feet The grid used has a spacing 
of 11 5 mm between the horizontal slits At first, 
an exposure time of 3 seconds was used but later 
the rate of fall of the grid was increased to give an 
exposure of I 8 seconds At this speed satisfactory 
tracings were obtained with a heart beating at the 
normal rate, and also in patients with tachycardia 

Kymographs in the postcro anterior position 
were taken and these were supplemented by films 
in the oblique positions especially the left oblique, 
whenever this appeared desirable A standard 
exposure time was maintained so that the tracings 
made were comparable This applied particularly 
where kymographs before and after operation were 
contrasted The exposure factors were 65 KVP for 
children and as much as 90 KVP for full size adults 
using 100 milliampcrcs with a rotating anode tube’ 
n sixteen patients operation for ligature of the 
patent ductus was subsequently undertaken 


X-Ray Appearances 

The abnormality most commonly found in 

pos ero-antenor films °f patients with patent 

arc Md rten ? SUS ’ S 3 prominencc of pulmonary 
rc an <4 , n ] ess degree, of the pulmonary conus 

mllnnm T m A ° thcr lnstanccs *« entirely 
same r p tlc , nts P roved at operation to have the 

toThe slmhTf 1 > USS ' 8 0 947) has ^med 
some * ? Prominence of the pulmonary conus m 

25-7 ™ a Chl dren ’ and has “usisted that the 
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diagnosis of patent ductus arteriosus should never 
be based solely on the contour of the heart Con- 
sequently, the diagnosis must depend largely upon 
the murmurs unless other means are available, 
such as radiokymography 

The kymographic appearances of the left border of 
the cardiac silhouette in the normal heart may be 
summarized as follows In the ventricular area 
waves of a certain type are seen , these consist of a 
curved upper limb due to the slow relaxation of the 
ventricle in diastole and a more horizontal lower 
limb representing the rapid contraction in systole 
Above this is the zone of mixed or confused move- 
ments described originally by Stumpf (1934) This 
lies between the pulmonary artery waves above and 
those of the left ventricle below The aorta and 
pulmonary artery show characteristic waves which 
have an almost horizontal upper limb due to lateral 
displacement by the pulse wave and a sloping lower 
limb representing the subsequent slower elastic 
recoil 

Light is thrown on the origin of the mixed move- 
ments by the kymograph shown in Fig 1 which 
is taken from a man aged, 70, with complete heart 
block There is one large ventricular wave recorded 
in the left ventricular area m each segment whereas 
at the lower part of the right border during the 
corresponding interval of time three distinct waves 
are seen which can only be ascribed to auricular 
contractions In the segment immediately above 



the left ventricular region a further three waves can 
be seen of a similar rhythm which must also be 
auricular m origin and be ascribed to the left auncle 
or left auricular appendix which curves forward in 
this area at the root of the great vessels This 
provides evidence that the left auncle may form part 
of the left border of the cardiac silhouette It also 
shows that the mixed movements described must be 
partly auncular in ongm, the other components 
being the super-imposed pulmonary artery waves 
This zone of mixed movements must not be confused 
with the fine vibration waves descnbed below, which 
lie in the ductus area between the aortic and the 
pulmonary artery levels 

Kymographic Signs in Patent Ductus 
Arteriosus 

In our kymographic study of sixteen patients with 
patent ductus artenosus proved at operation, we 
have observed four special features of the left border 
of the cardiac silhouette They are as follows 

(1) Para -aortic waves 

(2) Vibration waves 

(3) Exaggerated pulmonary artery waves 

(4) Exaggerated upper left ventncular waves 

Of these four signs the first two relate to the lesion 
itself while the last two are consequences of the 
haimodynamic disorder caused by the defect The 
features of each sign are described as follows 



B 

Kymograph (B) Tracing showing auncular waves 
left border of heart 


259 


radiokymography in patent DUCTUS i/n nuos us 


Para aortic nates These arc wave forms which 
lie parallel to and lateral to the aortic knuckle 
They are less dense than the shadow of the aorta 
but are usually well seen when present as in fig 2 
These waves differ from the zig-zag vascular shadows 
often seen well away from the mediastinum in the 
lung fields, which show transmitted pulsation from 
the aorta or left ventricle This sign was present in 
six of our cases It has been encountered in no 
other condition and we have never seen it in any 
kymograph taken after ligature of the ductus 
Vibration waves These occupy a narrow region 
immediately below the aortic waves and blend 
farther down with the pulmonary' artery waves 
They are shown m Fig 3 m which (A) shows the 
whole kymograph and (B) a magnification of the 
encircled zone in (A) The fine fibration waves 
of a frequency of approximately 400 a minute arc 
seen at the centre of the magnified zone Careful 
scrutiny is often required to detect these waves, by 
the naked eye in the kymograph The reproduction 
in Fig 4 shows ill defined vibration waves, but the 
accompanying drawing made from the film by trac- 
ing the outline of the waves from the film, placed o\ cr 
a horizontal viewing box, illustrates them and their 


position I ig 5 shows a kymograph nlcn m the 
left anterior oblique position The vibration wives 
arc seen in the m ignificd section on the border of 
the ascending part of the arch of the aorn a position 
that is surprising in view of the comparative 
remoteness from the ductus region However it is 
difficult to assign ins other interpretation to these 
waves which have bten encountered on sever il 
occasions in left oblique films 

It is suggested that vibration waves constitute a 
visual radiological counterpart of the palpable 
clinical thrill and that they arc caused by the 
vibration of the ductus and the idjaccnt parts of the 
aorta and pulmonarv artery In some of our c irlicr 
kymographs, the zone of (me wave forms was not 
well seen This was due in part to the inherent 
difficulties of radiographs in voting children With 
increased experience of the method and the subject 
better results were obtained and uc have found the 
zone of fine wave forms to be a frequent feature of 
the kymograph in patent ductus arteriosus being 
present m 12 of our 16 eases Moreover in lymo- 
graphs taken after operative cure of the condition 
these special wave forms arc no longer seen 
Exaggerated ptilntonan arten nines These ire 



2,-Boy, aged 6 Patent ductus artenosus f A U 

of the kymograph paraX^^d n e 6 d Para 


■aortic waves (B) Tracing 
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Fio 3 Girl, aged 6 Patent ductus arteriosus (A) Kymograph (B) Magnification of encircled zone in (A) lo 

show vibration waves 



A 


B 


Fig 4 — Boy, aged 13 Patent ductus arteriosus (A) Portion of kymograph showing ill-defined vibration 

waves (B) Tracing of the flhole kymograph to illustrate position (arrow) 




radiokymography 


IN PATENT DUCTUS ARTERIOSUS 


261 



Fig 5 —Girl, aged 7 Patent ductus arteriosus (A) Kymograph in left anterior oblique position (») Oblong 
marked area magnified to show vibration waves on border of shadow of ascending part of trch of norm (arrow) 



ate with e^ggera* ted '\va ves' ” °(B) Traa Ky ? I ° graph shov ’ m S slightly convex pulmonary 
cKdtgeraieQ waves (B) Tracing of kymograph to illustrate 
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A 

Fig 7 Boy^agcd 7 Patent ductus arteriosus (A) Kymograph showing exaggerated upper left ventricular 
waves (Bj Kymograph of same patient after operation showing disappearance of the abnormally 
large waves 


shown in Fig 6A in which the pulmonary arc is 
slightly convex The accompanying drawing 
(Fig 6B) illustrates the essential features of the 
kymograph These appearances are in accordance 
with the prominent and pulsatile pulmonary arc 
frequently seen on radioscopy The mam branches 
of the pulmonary artery may also show exaggerated 
movement corresponding to the hilar dance so often 
seen on screen examination, this is of value m 
excluding pulmonary stenosis 

Exaggerated upper left ventricular waves Fig 7A 
shows very conspicuous wave forms due to the 
vigorous contraction of the upper part of the left 
ventricle Such exaggeration is also seen in aortic 
incompetence This is not surprising since both 
conditions involve a leak from the aorta and may 
therefore be expected to produce similar haemo- 
dynamic disorders After closure of the com- 
munication between the aorta and the pulmonary 
artery by ligation of the ductus, these abnormal 
ventricular contractions disappear, as is shown in 
Fig 7B, a kymograph taken after operation 

Summary 

Radiokymography has been applied to the 
diagnosis of patent ductus arteriosus The senes 
here presented compnses sixteen patients proved at 


operation to have this congenital defect The 
following four kymographic signs are described 

(1) Para-aortic waves lying parallel to and lateral 
to the aortic zone 

(2) Vibration waves situated immediately below 
the aortic zone and between this and the pulmonary 
zone 

(3) Exaggerated pulmonary artery waves 

(4) Exaggerated upper left ventricular wares 

The production of these signs is discussed and 
reasons are given for relating the para aortic and 
vibration waves to the ductus and the vibration in it 
and m adjacent structures On the other hand, the 
amplification of the waves normally seen in relation 
to the pulmonary artery and the upper part of the 
left ventricle is due to the associated Iremodrnamic 
disorder 

Reference is made to some of the difficulties in 
clinical diagnosis It is considered that radio- 
kymography is valuable m helping to establish 
conclusively the diagnosis before operation 

We wish to thank our surgical colleagues at the London 
Chest Hospital, especially Mr T Holmes Sc Hors to 
their co-operauon and help with the surgical data rclat g 
to the patients 
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The Glasgow Mass Radiography Unit began 
operations m the summer of 1944 Like other such 
units in the country , its primary intention was the 
early detection of tuberculous lung disease although 
it was realized that non-tuberculous conditions and 
notably heart disease would come within its sphere 
The Mass Radiography Sub-Committee of the 
Minister of Health’s Standing Advisoiy Committee 
on Tuberculosis, in 1943, laid down standards of 
cardiovascular abnormalities based on the appear- 
ances in full-size chest X-ray films taken after the 
miniature film had shown an unusual cardiovascular 
shadow The abnormal appearances sought were 
general increase in size of the cardiovascular shadow, 
increased density of the shadow, displacement of the 
right cardiac border to the right and of the left border 
to the left in varying degree, and undue prominence 
of the large blood vessels 
It was soon observed that the postero-antenor 
large films gave little information that could not be 
given by the miniature film The experienced eye 
could detect enlargement of the cardiac shadow in 
the miniature film, making allowance for the greater 
distortion at a distance of 36 inches from the X-ray 
tube focus as against 60 inches Varying shades of 
increased density of the cardiovascular shadow itself 
such as may be caused by the enlarged left auricle 
of mitral stenosis could also be noted Accordingly, 


people passing through the unit who understood 
they had some form of heart disease It was thought 
that if the X-ray appearances and history could be 
Correlated the findings might be decisive in limiting 
needless recalls Also, a history of known heart 
disease was frequently contradicted by the absence 
Of cardiac abnormality on radiological or clinical 
examination 

After consideration of the experience of the unit 
m its first year of operation it was decided that the 
following groups should be recalled for full clinical 
examination (1) patients with a history of rheu 
rnatic fever, chorea, or other illness suggestive of 
acute rheumatism, (2) those with a history of heart 
disease, and (3) those with abnormality of the cardio- 
vascular shadow in the miniature X-ray film It 
was hoped in this way to ensure the detection of 
cardiac abnormalities in patients unaware of an 
existing heart lesion with the minimum of incon 
vemence This survey was begun m September 
1945, and continued till March 1947, when the 
direct association of the authors in the work of the 
unit ceased An account of the findings follows and 
certain conclusions are drawn , these should enable 
the unit, while pursuing its primary purpose of 
detecting tuberculosis in the community, to have a 
clearer understanding of the significance of the man> 

cardiovascular abnormalities encountered m the da> 


it became the rule to offer full clinical examination 
to any person found to have an abnormality of the 
cardiac shadow on the miniature X-ray film 
During the initial period of our investigation some 
other observations were made It was often seen, 
for example, that prominence of the pulmonary 
artery shadow did not indicate clinical heart disease 
It was therefore, decided to ask certain questions 
designed to bring out a history of previous rheumatic 
infection or of other illness significant in the tetralogy 
of heart disease, and to discover the numbers of 


to day work of the unit 

Age Distribution 

Fully two thirds of those examined were under 
twenty years of age and rather more than half under 
fifteen The reasons for this distribution arc the 
heavy concentration of the unit on the examination 
of school-leavers, and the choice for survc> of 
industries in which there is a high proportion of 
young workers because the highest returns of active 
pulmonary tuberculosis can be expected in these 
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groups As regards heart lesions, the expectation 
from such a distribution is tint congenital disease 
and lesions due to acute rheumatism will pre 
dominate but not lesions the result of degeneration 
hypertension or chronic lung disease The average 
recall rate for our purpose was about 49 per 
thousand, it was rather more in females and rather 
less in males mainlv because of the larger recall rate 
m the well represented group of girls under liftccn 

Grouts Recalled for Further Studs 
Table I shows the relative parts plaved bv history 
of heart disease, abnormahtv of the eardiov ascular 
shadow in the \-ray film, and rheumatic historv in 
the recalling of examinees for clinical examination 
It bnngs out that a finding of X-rav abnormahtv 
was the commonest single cause for recall while a 
history of rheumatic illness and a history of heart 
disease were much less common causes 


investigation had suggested that histories or sore 
throat blood-poisoning and scarlet fever were too 
common to lie or value although if am one of these 
was accompanied bv arthritis or muscular puns 
some importance might l>c attached to it Such 
rheumatic svmptonis ire represented in this series 
under the heading of oilier rheumatic m imfest i- 
tions All histories were closclv cheeked In the 
medical examiner at the time of the clime il ex itnin i- 
tion and almost invari ihly found to Ik correct 
Table 11 shows the relative frequenev of the 
various tvpes and grades of rheum me illness in this 
group A single attack of rheumatic fever was the 
most frequent finding other rheum ltic manifesta- 
tions were less common chorea vv is rel itivcly rare 
There was no great difference between the sexes 
except that chore v was more common tmong the 
females 

TAB! 1 II 


TABLE I 

Incidence of Abnormal \ rav Heart Shadow and 
a History of Heart Disease or Rhluviatic 
Fever 


1 

Total surveyed (both sexes) 

Recalled for heart investigation 

34,918 

1,703 

History of heart disease 

31% 

Finding of X ray abnormality 

66” „ 

History of rheumatic illness 

44” „ 

History of heart disease— finding ; 
of X ray abnormality 1 

11 % 

History of heart disease -^histoo 
of rheumatic illness » 

19% 

Finding of X ray abnormality - L 
rheumatic illness 

19% 

History of heart disease -^-finding of i 
X ray abnormality ^ history of 
rheumatic illness 

, 


The percentage figures refer to the number recalled 


a ^° f° un d that when a history of heart 
mahtv n0t cllcited ’ a finding of X-ray abnor- 
thana w a more cornmon cause for recall 
the ensp rheumat > c illness The reverse was 

'WwTs obtafned UP m Wh ' Ch 3 ° f ^ 


t »e Value of a History of Rheumatic 
Illness 

time of'the t Ut tnuned clenca > staff at th 
history of on?nr re film cxaminatI0n to elicit , 
one or more attart 0 '^! 301 ' 3 ° f rheumatlc fever 
consistent with Si ° f chorea or of other dines 
acute rheumatism A prehminar 


Tin lNonisci ni am Various (iradis or Riutxivnc 
Inhctton in Tin Group Ricahid on this At count 


1 

( 

Male 

l emale 

Both 

sexes 

Hivlory of rheumatic fever once 

219 

177 

396 

Historv of rheumatic fever 

3f> 

35 

71 

twice or more 

History of chorea once 

17 

37 

54 

Histor> of chorea twice or ( 

1 

7 

8 

more 

Historx of rheumatic fc\cr and 1 

13 

7 1 

20 

chorea 

History of other rheumatic 

57 

143 

200 

manifestations : 

Totals | 

i 

343 

: 

' 406 

749 


Table III shows the relationship in the whole 
senes between a history of rheumatic infection and 
the clinical findings It brings out the greater 
frequency with which acquired heart disease is 
associated with multiple attacks of rheumatic fever 
or chorea and the relative unimportance in respect 
of organic disease of the group of “ other rheumatic 
manifestations” Equally noticeable is the fre- 
quency of normal findings when there is a history of 
a single attack of rheumatic fever 

In patients giving a history of rheumatic infection 
but not giving a history of heart disease there are 
few instances of acquired heart disease (21 out of 
423 examined) suggesting that in most cases when 
acute rheumatism causes heart disease that fact is 
known to the patient On the other hand, m 
patients giving a history of rheumatic infection and a 
history of heart disease the opposite obtains, namely, 
a high incidence of organic heart disease, and this is 
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TABLE m 

Shows how a History of Rheumatic Infection’ is 
Related to (a) Normal Findings, (6) Non- 
significant Findings, and (c) Evidence of 
Organic Disease 



Normal 

Non- 

signi- 

ficant 

findings 

Organic 

disease 

History of rheumatic 

234 (54%) 

80 (52%) 

[ 76(52%) 

fever once 



32(22%) 

History of rheumatic 

23(5%) 

12(8%) 

fever twice or more 


11(7%) 

12(8%) 

History of chorea once 

30 (7%) 

History of chorea twice 

4(1%) 

1 0%) 

3 (2/ 0 ) 

or more 

History of chorea and 

9(2%) 

3(2%) 

8(5%) 

rheumatic fever 
History of other rheu- 
matic illness 

130(30%) 

46(30%) 

16(11%) 

Total 

430 

1 

153 

147 


again most marked where there is a history of 
multiple rheumatic infection Six cases of con- 
genital heart disease and thirteen of hypertension 
were also discovered 

The group of non-significant findings such as 
innocent mitral systolic murmurs, or a split first 
sound at the apex would be expected to run parallel 
with the group of normal findings if it had no rela- 
tion to rheumatic illness, if it had such a relation- 
ship it should reflect the results in the group of 
organic disease findings Table III suggests that it 
has closer affinities with the normal group than with 
the group of heart disease 

The X-ray Appearances 

The shadows on the 35 mm film, being photo- 
ine MJduw. on a fluorescent screen 

gI . ap ? ° t ^stance of 36 inches from the focus of 
X Tre somewhat distorted Those 
“ e * ™ y , h e nennhery of the photograph are larger 

faces the fluoresce t j, e S pme or a 

X-ray v.iii be relatively broader 


be emphasized and actual enlargement of the heart 
will never be quite so much as the shadow on the 
35 mm film would suggest Another point is that 
prominences posterior to the heart will be em 
phasized at the expense of the shadows cast b> the 
lateral borders of the heart so that the pear-shaped 
increase of density in the heart shadow cast b> the 
hypertrophied left auricle in mitral stenosis will be 
more obvious than in a film taken at a greater 
distance than 36 inches 

Slight scoliosis may simulate cardiac enlargement 
m a miniature film and so may slight rotation of 
the patient Films showing evidence of such 
deformity or of rotation were not included in this 
series Table IV shows the frequency with which 
various radiological abnormalities were found 


TABLE IV 

Frequency of X-ray Abnormalities in the Series 



Male j 

Fema,e , ££ 

General cardiac enlargement i 
Prominence of pulmonary 
artery 

Straightening of left heart 
border 

Unfolding of aorta 

Broadening of base of heart 
Prominent conus 

Dextrocardia 

320 ] 
182 

41 

42 

18 

65 

3 

299 619 
277 459 

74 J 115 

45 , 87 

50 , 68 

28 < 93 

2 i 5 


Table V shows the relationship between radio- 
ucal general cardiac enlargement, irrespective or 
gree, and the clinical findings It shows that m 
ly a' twelfth of the cases of cardiac enlargement 
thout history of heart disease is there evidence of 
art disease, and even where there is a history ol 
art disease the presence of a heart lesion in such 
ses is confirmed only in rather more than half 
; cases (about two thirds of females less than 

Tte relationship between prominence of the 
ilmonary artery shadow in ‘hcmmiaturcX-ray 
_ an d *he clinical findings is shown in Tabic v 

re 

,t overlapped a line joining the aortic bulb and 
‘ left heart border at sentncular lescl The 
ibll Shows that few cases with P r0 "f ^ 

than half have been confirmed as in fact hawng 
"Xase The same conclusion can be drawn 
hen the clinical findings are related to straightening 
•the left heart border in the X-ray film 
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Norma! 

Non 

significant 

Orginic 

Congenital 

H>pertensisc 

Total 

Radiological Cardiac Cnlargi man 

No histon of heart divasc 

' 297 (72°„) 

S3 <2<r„) ! 

24 (6%) 

' 4(1%) 

5(1%) 

413 

Histon of heart divav 

29 (2S%) 

14 (14%) 

55 (53%) 

3 (3%) 

2 (2%) 

103 


Promincnrt of the Pitlmonan ■trti r\ Shadow 


No histon of heart di vase ''OS (73%) 96 (23%) 14 (3%) 3 (l"„) — 418 

Histon of heart diva v 10(24%) , 13(32%) I6(39„) 2(5%) — 41 


Pronumnci of Conus 


No histon of heart dtvasc 24<‘i2%) 15(33%) 6(13%) 1 (2' > 0 ) — 46 

Histon of heart divav \ I (4°„) 3(14%) , 18 (S2%) 0 —22 


When broadening of the base of the heart shadow 
(le the dtstance between the right border of the 
superior \ena ca\a and ascending aorta on the right 
and the descending part of the aortic arch on the 
left) is related to the clinical findings, it is found 
that if it is present in association w ith heart disease 
the fact of the latter is hnowai to the patient No 
case of organic heart disease was found in this group 
in the absence of a history of heart disease The 
same conclusion could be drawn when clinical find- 
ings were correlated with unfolding of the aorta 
including prominence of the aortic bulb, as might 
he expected, hypertension was a more common 
finding m this group 

Table V also shows the relationship between 
prominence of the pulmonary conus and the clinical 

ndings When there is clinical evidence of disease 
a nd a prominent conus is noted in the X-ray film, 


the patient is usua!l> already aware that he has 
heart disease At the same time, the frcquencs 
of discos crj of unsuspected organic disease was 
higher than with prominence of the pulmonary 
artcr> 

The Clinical Examination 
The examination of 529 people who behesed 
they had heart disease, rescaled no esidence of this 
in 340 (64 percent) Table VI shows this and also 
the incidence of cardiac lesions at different age 
groups In almost all the cases the examination 
ssas entirely clinical, the findings in the erect 
position, in the supine position, on the left side, 
and after exertion being correlated The blood 
pressure ssas taken if it svas considered relevant 
Only in exceptional cases svere further aids to 
diagnosis, such as radiography m the oblique 


TABLE VI 


Age Distribution of Examinees and Incidence of Cardiac Lesions in those svith a 

History of Heart Disease 



Age in Years 


Up to 14 

15-19 

20-24 

25-29 

30-39 

1 

40-49 

50-59 

60 and 
o\er 

Total 

1 °hundred) >er (A) (t ° neareSt 

189 

46 

30 

20 

28 | 
i 

22 

11 

3 

349 

^'chsease'fB^ b'story of heart 

247 

61 

35 

28 

69 [ 

! 

38 

41 

10 

529 

Pe dS eof(B) ' v,thheart 

33 

! 

34 

51 

43 

38 | 

1 

34 

37 

20 

36 
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positions or following a banum swallow, electro- 
cardiography or sphygmography, employed as it 
was the intention to interfere as little as possible 
with the routine of the school child or worker 
Patients were on occasions admitted to hospital for 
diagnostic purposes or with a view to treatment 
The mam clinical findings have been sufficiently 
considered in the preceding sections of this paper 
It remains to discuss first the group of what has been 
labelled non-significant findings, and secondly, to 
give the details of our findings in the “ organic 
disease” group Under the heading of non- 
significant findings are such final clinical diagnoses 
as split mitral first sounds, innocent mitral systolic 
murmurs, split pulmonary second sounds and 
pulmonary systolic murmurs 
The total incidence of lhnocent mitral systolic 
murmurs, pulmonary systolic murmurs and split 
mitral first sounds, is shown m Table VII Of the 
1 7 03 cases 798 were males, and 905 females 
Split mitral first sound This is probably most 
commonly confused with the presystolic murmur of 
mitral stenosis A split first sound was diagnosed 
in this senes when no diastolic element was brought 
out by change in posture or by exercise, the sound 
was usually made more evident by exercise and was 
best heard at the end of expiration when the breath 
was held As long as its possibility is kept in mind 
the very different character of the first part of the 
sound is not likely to be mistaken for a short pre- 
systolic murmur In our series it was not commonly 
associated with X-ray abnormalities Its incidence 
was 10 per cent in the absence of X-ray abnormality, 
and 7 per cent in association with such abnormality 


It was no more common m patients giving a history 
of rheumatic fever than m those without such a 
history, the incidence was 8 per cent in both groups 
These figures ment the belief that rheumatic infec- 
tion played no part m the production of the findings 
We are satisfied that the finding is not a significant 
one and that its incidence in such a senes as this is 
as high as 8 per cent 

Innocent mitral systolic murmurs The certain 
diagnosis of this group of murmurs is always 
difficult Where a murmur did not have the pro- 
perties possessed by the ‘ organic murmurs,” of 
loudness, propagation, and encroachment on the 
first sound, 't was considered in the light of Elans' 
classification of innocent murmurs (Evans, 1947) 
and its relation to the patient s posture, and its 
position in the cardiac cycle, was studied Phono- 
cardiography was not used 

The incidence of the finding was between 5 and 
6 per cent in both sexes Its frequency was 5 per 
cent in the absence of a history of rheumatic infec- 
tion and 6 per cent when there was such a history 
— figures so close as to show that rheumatic fever 
played no part m its causation Among the group 
who had no reason to believe they had heart disease 
the innocent mitral murmur was found in rather 
less than 4 per cent whereas it was found in more 
than 9 per cent of those who believed they had heart 
disease The innocent murmur was found in only 
4 per cent of those with and in S per cent of those 
without, radiological abnormahtv Stress should 
be laid, therefore, on the comparatively common 
incidence of this murmur, its frequent confusion 
with the organic murmur,” and the absence of 


TABLE VII 


Shows the Incidence of Mural Systouc Murmurs, Pulmonary Systouc Murmurs and Split Mitral 

First Sounds in the Present Series 


History of rheumatic 
infection i 

j None 

, 1 Other rheumatic roam 

Rheumatic fever 1 festations 

— 1 7 

History of known 
heart disease 

No 

1 Yes 

1 

No 

1 

Yes 

j No 

Yes 

X-ray abnormality 

1 1 

^Absent 

Pre- 

sent 

Absent , 

Pre- 

sent 

Absent ™ 

; 1 

Absent 

1 

| Prc- 

| s™ 1 

| Absent J 

Absent, 

j 2 2 ~] 

1 729 1 

! 130 

73 | 

200 ! 

1 

; 85 1 

178 

1 86 | 

17 j 121 j 

33 29 

Total mitral systolic 

! 4 I 

i 24 ; 

1 >3 

7 

9 

3 

19 1 

i 

7 1 

0 i 5 

3 1 

Total pulmonary 

systolic 

1 , ' 

3 

1 76 

, 7 1 

8 1 

13 

! i 

5 

, i 

]6 ! 

4 | 1 18 

i 

2 2 

Total split mitral ' 
first sound 

3 

52 1 

14 

I 7 1 

| t 

is : 

! 

i 3 1 
1 . 

1 

20 1 5 11 ra ; * 

' ! ... : 
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com-lation with a lusters of rheumatic fuser or 
X ray abnormality 

Split pulmonan second \omul Tins finding is 
not uncommon in nutnl stenosis A split pul 
monao second sound was found Irequcntlv in the 
senes of 1703 eases examined and no significance 
could be attached to the finding at the tune ol 
examination These cases arc being followed up 
The exact numbers in the series cannot lie given 
because the great faquenev of the linding was not 
full> appreciated at the start of the imeslig llion 
and it was not particularb noted at first LatterK 
the prevalence of this sign in the absence of an\ 
discoverable clinical abnormalitv became obvious 
and more reant observations have onlv served to 
confirm our opinion that it is particularb eommon 
and apparcntlv without clinical significance It vvas 
about twice as common in males and the incidence 
was comparable whether there vvas or was not an 
X ray abnormality It vvas almost twice as common 
when there vvas a rheumatic historv and fullv 
twice as common in those who understood thev had 
heart disease 


Pulmonary s\stohc murmur The murmur vvas 
found alone, or in combination with other non- 
significant findings, in 155 eases (9 pier cent) No 
account is taken here of those eases in which it vvas 
heard in association with mural stenosis It vvas 
more common in females— almost 13 per cent as 
against 5 per cent in males Rheumatic infection 
was not concerned m its production— 8 per cent 
is against 10 per cent in the absence of such a 
^ While it vvas found in a considerable 
proportion of cases understood to have heart disease 
y per cent in a total of 529 yet it was found 
tn°k!i C ° m ?' 0n ^ amon 5 those who had no reason 
rsr the y had a cardiac abnormality ( 10 per 
(Up 4 examined) It vvas more common in 
absenrp or , radlo,0 SicaI abnormalitv than in Us 
case e ^normality reported in almost every' 

resultino en areernent of the pulmonary artery, 
actual nr' 0 S ra ' 8 htcning of the left heart border or 
Further ° mmence of the artery beyond that line 
Soups,’ e g'Tf " 1 ° St “ mm0n ln th e younger age- 
years it f, ’ thc 155 110 were under 15 

Probable rare ln adult *>fe The 

15 that the ° n ? f the prescnce of the murmur 

nnn^V' lated beyond a normal Pu>- 

the younger a™ ItS more cornrnon occurrence in 
greater cbstenfihX^r T ay associated W| th the 
ln adolescence t J so ^ and res| h e nt artery 
Pulmonary arten. 001 ^ 6 m ttle blood flow in the 
accentuates a 2 aS brought about by exercise 
hnngs out a niui^ 111 ^ alr 5 ady there and often 
•mportance and n n0t heard P rev >ously The 
u Sruficance of this murmur must 


Ik recognised Prominence of the pulmonary 
artcrv w is nuieh more commonly issociatcd with it 
linn with organic mitral disease 

Oltt.AMC Disi ASI 

Of the 1703 cases examined 220 (just over 12 per 
cent) were found to have organic heart disease 
(Table VI) Hie bulk of these had mitral valve 
disease a few hid torlic valve disease, and the 
remainder were found to hive auricular fibrill ition 
coronarv occlusion or mvocarditis Mitral valve 
disease w is found lit 1.S5 (II p>cr cent) and aortic 
valve disease in 13 (less than one per cent), three 
parents had both aortic and mitral valve disease 

The incidence of normal findings among those 
believed to have heart disc tse Ins been stressed 
bin it should Ire noted that a diagnosis ol organic 
valve disease was tree istonallv matlc for the first time 
in the course of the routine work of the mass radio- 
grtphv unit Mitral valve disease was diagnosed 
in 41 cases and aortic valve disease in 3 Of the 
41 with mitral disease 21 give a history of previous 
rheum me infection Therefore onlv 20, all of 
whom had abnormal \-rav findings would have 
been found in the series reiving solclv on the lead 
given bv the radiological picture One only of the 
three patients with aortic disease was discovered 
because of Vnv ibnormalitics (in the other two 
there was a history of rheumatic infection) Twenty- 
one cases therefore of organic valve disease were 
discovered as the result of abnormal radiological 
appearances in 34 9 1 S routine X-ravs of the chest 

SUWMVKV AND COSCI USIONS 

In the course of the routine working of the Mass 
Radiographs Unit in Glasgow mans abnormal 
cardiovascular shadows were encountered Of these 
the most common were general cardiac enlargement, 
prominence of the pulmonary artcrv straightening 
of the left heart border, unfolding of the aorta, 
broadening of the base of the heart, prominence of 
the pulmonary conus and dextrocardia In an 
effort to limit needless recalls an attempt vvas made 
to correlate the various radiological abnormalities 
with a history of previous rheumatic infection or 
known heart disease 

Of 34,918 eases X-rayed by the unit in the course 
of the investigation, fully 67 per cent were under 
20 years of age Altogether 798 males (4 3 per cent) 
and 905 females (5 5 per cent) were recalled Of the 
1703 recalled the commonest cause of recall vvas 
an unusual X-ray picture, a history of previous 
rheumatic infection vvas a less common cause of 
recall, and least common vvas a history of known 
heart disease All three reasons for recall were 
present in 1 15 cases (almost 7 per cent) 
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A history of one attack of rheumatic fever was 
associated with a finding of organic heart disease m, 
roughly, only one in five cases two or more attacks 
resulted in clinical evidence of disease in rather less 
than half the cases giving such a history This is a 
low incidence, but it must be realized that no strict 
check could be made on the accuracy of the history 
of rheumatic fever, many comparatively minor 
febrile illnesses masquerade under this heading 
Although the numbers were smaller, it was found 
that one attack of chorea resulted in organic heart 
disease slightly more often than did one attack of 
rheumatic fever Patients with a history of previous 
rheumatic infection and found to have heart disease 
mostly knew of it, apart from examples of hyper- 
tension only 23 cases were found to have heart 
disease not previously known to them — 21 with 
organic valve disease, 2 with congenital heart disease 
Radiological cardiac enlargement was associated 
with organic heart disease m 93 cases (out of 516 
m whom this X-ray finding was reported) Pro- 
minence of the pulmonary artery shadow was not a 
common cause of heart disease being brought to 
light for the first time, only 14 cases of acquired and 
3 of congenital disease were found in this way out 
of 41 8 examined Prominence of the conus, though 
less frequently diagnosed in the film, was more 
likely to be supported by clinical evidence of 
organic disease, than was a prominent pulmonary 
artery 


An outstanding finding was that no evidence of 
disease was found in 340 out of 529 patients who 
believed they had heart disease (64 per cent) 

The frequency of non-significant findings such as 
spht mitral first sounds, mitral s>stolic murmurs, 
split pulmonary second sounds, and pulmonarj 
systolic murmurs is noted and their relationship 
with radiological abnormalities and a history of 
rheumatic infection described 
Of the 1703 cases examined 220 were found to 
have acquired organic heart disease, of these 185 
had mitral disease, 13 aortic disease, and 3 both 
mitral and aortic disease Only 41 cases of mitral 
disease and 3 cases of aortic disease were found in 
which the disability had been unknown to the 
patient Of these, 20 with mitral disease and one 
with aortic disease were referred solely on account 
of the radiological findings Thus only 21 cases of 
organic valve disease were diagnosed for the first 
time m 34 918 rouUne X-rays of the chest 
In conclusion the common radiological patterns 
sometimes thought to be suggestive of heart 
disease are not, as a rule, associated with clinical 
signs of disease Such patterns by themselves do 
not suffice for a diagnosis of heart disease 


Reference 
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In suspected coronars artcrv disease, no clinical provided no suspicion of coromrv disease in ,t 
sign can as yet displace the electrocardiograph number of cases the clinical diagnosis w is ur ter 
which, by revealing past cardiac infarction, provides supported lav the presence of changes in serin 
objective evidence for the diagnosis, much reliance cardiograms Most of the tracings rc'ieuci were 
must, therefore, be placed on the clectrocardio- taken in private practice with a Siemens electro- 
graphic signs of infarction In lesions of the cardiograph which registers time in 0 05 second 
antenor wall, the signs arc often characteristic, some of the patients were seen at the National 
especially in chest leads Posterior infarction is Heart Hospital under the care of Dr illiam 
shown by deep and wide Q deflections by significant Evans The records of 40 patients with posterior 
R-T deviation, and by T inversion in lead II and infarction were analysed 
III, and in the unipolar left lee lead In the absence „ 

of coronary R-T changes die signs of posterior I Electrocardiograms vv mt Equivocal Ciiangk 
infarction may be uncertain since inversion of T in or T,lr QRS Compixx in nir Standard Leads 
lead III, and occasionally also in lead II, mav occur Of 40 patients with posterior infarction 7 had 
without infarction, and Q in lead II and 111 and in standard limb leads with Q deflections in lead III, 
the unipolar left leg lead may be equivocal The or II and III, which did not differ in size or depth 
practical experience of diagnostic difficulties has or both from similar Q waves seen in patients 
led to the present study which is to show the close without infarction The cardiographic signs that 
similarity of certain types of cardiograms represent- caused uncertainty in the interpretation of the curves 
mg postenor infarction to tracings taken from varied with the position of the long axis of the heart 
patients without infarction, and to examine records In concordant cardiograms, showing mainly upright 
°f mfarction for additional electrocardiographic QRS complexes m the standard leads as seen when 
signs that might be helpful in the interpretation of the heart was in the * vertical position according 
equivocal curves to Wilson’s terminology, Q II and Q III were of 

Orx °k ject *Le analysis was the form of the uncertain significance if they were less than 0 04 
v S complex, in which changes due to infarction second in width and if the amplitude of Q III 
cou d be expected to last longer, and to be more was less than 25 per cent of the tallest R in any 
unh T c L aractenstlc of this lesion, than changes limb lead Cardiograms with a similar QRS 
the T wave In the absence of necropsy control, pattern were seen in patients without infarction In 
«re vras taken to include cardiograms only if the the tracings illustrated in Fig 1 the infarct could 
mical diagnosis was firmly established Patients not be recognized by the appearance of the Q waves 
'™ h rardiac infarction gave a typical history of or by any other change in the QRS complex, the 
Pam, and showed the classical changes of postenor presence or absence of S waves in lead I had no 
mtarction in the standard leads With one excep- relation to the diagnosis, but Q 1 was more likely to 
ion (Fig 3F), cardiograms were rejected if the signs be present when there was no infarction 
1 infarction were confined to the R-T segment and In discordant cardiograms, with QRS mainly 
ne i wave and did not include a small Q in lead HI, upright in lead I and downward in lead III Q was 
’ hc rardiogram was equivocal, the diagnosis was equivocal if it was deep, or deep and wide ’ m lead 
accepted only if it was confirmed by serial tracings III, but small or absent in lead II Care had to be 
in arct.on was held to be absent if there was no taken to exclude a false Q m when each successive 
mstory of pain and if the age and clinical condition beat m lead III was examined, a small R was often 
U* 271 
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Fig 1 — Electrocardiograms of the concordant type with equivocal Q deflections 


(A) Case 1 Man aged 45 posterior infarction 
(see also Fig 4C’J 

(B) Case 2 Man aged 36 palpitation 

(Q Case 3 Man aged 77 broncho pneumonia 

(D) Case 4 Man aged 47 palpitation 


(E) Case 5 Man aged 47 posterior infarction 

(F) Case 6 Man aged 31 left mammary pain 

(G) Case 7 Woman aged 21 cxtrasystolcs 

(H) Case 8 Woman aged 57 thyroid toxaemia 


found to precede the downward deflection which, 
in many tracings, was then revealed as an S wave 
The absolute size of Q III and its size relative to the 
R waves m other leads, was the same in patients 
with and without infarction, a wide Q III was more 
frequent in infarction (Fig 2A and E) but also 
occurred in its absence (Fig 6B), a Q I was again 
recorded more often when there was no infarction 
Deep inspiration decreased the size of Q III in 
most patients with infarction and in norma! controls 


(Fig 5 and 6) Infrequently 0 HI was abolished 
by deep breathing in subjects without infarction 
(Fig 5C and 6B) In infarction Q I was usually 
absent or small If in individual patients Q I was 
shown before infarction, it was reduced in amplitude 
or abolished after the attach (Fig 3) but when the 
cardiograms of all patients with posterior infarction 
were examined Q 1 was found in 14 out of 40 
records The presence or absence of Q I was, 
therefore, of no diagnostic significance 
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Fig 2 —Electrocardiograms of the discordant type with equivocal Q deflections 


(A) Case 9 Man aged 67 hypertension and 
posterior infarction (ten years after the tracing 
shown in Fig 3A) 

(B) Case 10 Man aged 50 left mammary pam 

(C) Case 1 1 Woman aged 65 moderate hyper- 
tension 


(D) Case 12 Woman aged 37 extrasystolcs 

(E) Case 13 Man aged 66 posterior infarction 
(one year after the tracing shown in Fig 3H) 

(F) Case 14 Woman aged 44 left mammary 
pam 


n Unipolar Limb Leads in Posterior 
Cardiac Infarction 

Unipolar limb leads were analysed in 18 cases of 
posterior infarction The leads were taken with 
the Wilson technique and then designated VR, VL, 
VF In other cases, the Goldberger method was 
adapted to the central terminal of Wilson by detach- 
ing the indifferent limb electrode from the limb under 
exploration, the leads were then called aVR, 
aVL, and aVF The left leg lead showed a deep 
and wide Q (with an amplitude of 30 per cent or 
more of the amphtude of R in this lead and with a 
width of 0 04 second or more) when Q n and Q in 
were also characteristic (Fig 4) In cardiograms 
with discordant standard leads and equivocal Q 
waves, Q in the left leg lead was wide (Fig 6A), but 
not always deep (Fig 6D), in records of the con- 
cordant type with small Q waves in lead H and III, 
Q in the left leg lead was also small in width and 
size (Fig 5A and D) In all cases of infarction, the 
Q wave whatever its size, was deeper in lead m 
than m the left leg when allowance was made for 
augmentation in Goldberger leads The voltage 
of Q in the left leg lead was reduced by deep 
inspiration 

All cases of posterior infarction showed an initial 
upright deflection in the left arm lead, it was more 
than 1 mm in amplitude and often broad or slurred 
in the ascending limb A monophasic upright deflec- 
tion was recorded in some cases, others showed an 
S wave, but a small R followed by a deep S was not 


seen In the right arm lead, the initial deflection 
was upright m 15 out of 18 cases and varied in 
amphtude from a small spike to a size of 4 mm , 
an R wave in the right arm would be expected to 
show as a Q wave in lead I, but in all 15 cases Q I 
was either absent or smaller than R in the right arm 
lead after allowance was made for augmentation 
When right bundle branch block was added to 
posterior infarction, the unipolar limb leads con- 
formed to the infarction pattern (Fig 4D) 

III Unipolar Limb Leads in Patients without 
Infarction showing Cardiograms with 
Inconclusive Q Waves in the Standard 
Leads 

Equivocal Q waves in the standard leads did not 
signify infarction if the initial deflection in the left 
leg lead was upright (Fig 5C and 6B), in patients 
of this type, Q HI was abolished by deep inspiration 
In concordant cardiograms, a small Q m the left leg 
lead was as inconclusive as a small Q in lead II and 
HI, it was not abolished by deep inspiration Unlike 
the Q of infarction, Q VF was often of the same size 
as Q EH (Fig 5E and F) In these cases, the left 
arm lead also differed from the infarction pattern 
and showed an R wave of small voltage If Q II 
and Q in were equivocal and the cardiogram con- 
formed to the infarction pattern m lead VF and VL, 
a significant deviation might yet be shown m the 
relation of Q I to the right arm lead in this case, 
Q I was of the same size as R m VR (Fig 5B) In 



274 


PET ER MEYER 



Fig 3 — Electrocardiograms taken before 


(A) Case 9 Man aged 57 hypertension 

(B) The same two years after infarction 

(C) Case 15 Man aged 58 angina of effort 
C D ) The same three weeks after infarction 


and after posterior infarction 

(E) Case 16 Woman aged 67 hypertension 

(F) The same on day of infarction 

(G) Case 13 Man aged 65 angina of cfTort 
(HJ The same two months after infarction 


discordant cardiograms, Q in the left leg lead was 
less wide than the Q of infarction, it differed from 
the Q VF seen in the concordant type of tracing in 
that it was deep yet smaller than Q HI, even in 
the absence of infarction An initial downward 


deflection in the left arm lead occurred only in 
patients without an infarct (Fig 6E) 

It was concluded that equivocal Q waves in the 
Standard leads did not indicate posterior infarction 
if in unipolar limb leads the initial deflection vus 
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Fig 4 — Unipolar limb leads in cardiograms with characteristic changes in the standard leads 


(A) Case 17 Man aged 61 infarction three years 
ago 

(B) Case 18 Woman aged 39 infarction two years 
ago 


(Q Case 1 Man aged 45 infarction three weeks 
ago (10 days after the tracing shown in 
Fig. 1A) 

(D) Case 19 Man aged 54 infarction nine weeks 
ago 


upright in the left leg, or downward in the left arm, 
or if an initial R shown in the right arm was also re- 
corded m lead I as a Q of similar size, a Q in the left 
leg did not represent infarction if it was of the same 
amplitude as Q HI When the standard leads were 
concordant, equivocal Q waves in lead II and III 
were suggestive of infarction if Q in the left leg lead 
was smaller than Q III and the nght and left arm 
leads conformed to the infarction pattern In 
discordant tracings, care had to be taken to ascertain 
that the downward deflection in lead III was a Q 
and not an S wa\e A true Q III stood for infarc- 
tion if Q in the left leg lead was 0 04 second or more 
in width a deep Q, even when smaller than Q HI, 
did not indicate an infarct in this type of tracing 
If Q 111 was abolished by deep inspiration, absence 
of Q in lead VF could be inferred and infarction was 
unlikely , the effect of deep inspiration was incon- 
clusive if it left Q 111 unchanged or reduced in size 


Discussion 

The preceding observations have shown the 
unipolar limb leads to be of value in the cardio- 
graphic diagnosis of posterior infarction In the 
past, the unipolar left leg lead was singled out for 
examination in cases of posterior infarction, and the 
diagnostic significance of deep and wide Q deflections 
m this lead was stressed (Myers and Oren, 1945, 
Goldberger, 1947) Although such Q deflections 
were found m the present senes of cases, difficulties 
arose because there were patients with infarction 
who exhibited a small and short Q, and subjects 
without infarction with deep Q waves in lead VF 
When such equivocal cardiograms were studied, 
examination of the other unipolar limb leads was 
valuable 

On theoretical grounds, changes in the curves of 
the left and nght arm must be expected with the 
development of a Q in the left leg lead due to 
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6 Unipolar leads m cardiograms with equ.vocal Q deflections m the standard leads (discordant type) 
(A) ^ Lower row Leads ^ken on deep inspiration 

and B)° r mfarctI0n free als^Fig^M, Ta ^ 28 Man aged 49 infarction four weeks 

(Q Case 27 ^ Son W ° m3n aged 69 ™ d emte hyper- 


limbs leads must ° f the potentlaIs m the *h 

Examination of the^r 3 !? at any glven tn 

Q I present before standard leads had shown ths 
abolished by the inf n ^ arctlon ls reduced in size 
dense from an 5 ’ Smce such Q waves usu; 
arm lead it was » ne ^ t,vc defle ction in the 
* cxpcc,ed ^at the development 


early negativity in the left leg lead from infarction 
would cause early positivity in the left arm lead, 
and this has been confirmed by observation As the 
upward deflection m the left arm lead is a counter- 
part of Q m the left leg lead, it follows that it must 
occur early in \entncular excitation and be syn- 
chronous with Q m the left leg lead Lead I 
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measures the potential difference from the left to 
the right arm , a Q in the left arm or an R in the 
right arm will be recorded as a Q in lead I Since 
early negativity in the left arm does not occur in 
these cases of posterior infarction, a Q in lead I can 
only be due to early positivity in the right arm, but 
the positive deflection m the left arm must partly 
or wholly counteract the formation of a Q in lead I 
from the positive deflection m the right arm, there- 
fore, Q I is smaller than R m V R, or it is absent 
Observation has confirmed this argument In the 
absence of infarction, a Q in the left leg lead is not 
necessarily combined with a prominent R m the 
left arm lead the initial deflection may be of low 
voltage (Fig 5E and F) or may be directed down- 
ward (Fig 6E) There is also the possibility that 
R m the left arm lead may not occur early in ven- 
tricular excitation this can be recognized if the 
R wave does not interfere with the formation of a 
Q I from R m the right arm lead Such a combina- 
tion of events has been seen in one record (Fig 5B) 
When the standard leads are concordant, infarc- 
tion is likely if Q HI is larger than Q in the left leg 
lead This is an indirect method of observing 
the early upright deflection in the left arm which 
reinforces the downward direction of Q III initiated 
by Q m the left leg, in the absence of infarction, 
the small amplitude of R m the left arm prevents 
this reinforcement of Q HI Discordant cardio- 
grams usually show a prominent R in the left arm 
lead, hence Q HI is larger than Q in VF also m 
the absence of infarction Deep inspiration, by 
causing a shift of the long axis of the heart away 
from the left arm, reduces the amplitude of R in 
VL (Fig 5C), it therefore abolishes the Q waves 
which are not due to a Q in the left (eg lead 
In the left leg lead, a Q of infarction may be small 
in size and duration in concordant tracings It is 
wide though not necessarily deep m cardiograms 
of the discordant type, when a wide and deep Q HI 
is also shown, but a wide and deep Q in lead HI 
alone does not stand for infarction because it also 
occurs from left ventricular hypertrophy (Myers 
and Oren (1945), also Fig 6B) 

Summary and Conclusion 
The electrocardiograms of 40 patients with 
posterior infarction were examined for modifications 
of the QRS complex indicating infarction, there 
were 7 cases with inconclusive Q waves in lead III, 
or II and HI, and they closely resembled cardiograms 
from subjects without infarction In concordant 


tracings uncertainty was caused by small Q warns 
m leads H and m, m the discordant type, difficulties 
arose when Q was deep, or wide and deep, m lead 
HI, and small or absent in lead n, care had to be 
taken to examine each beat in lead III to ascertain 
that the downward deflection in this lead was not in 
fact an S wave A Q wave in lead I was more 
often seen in normal subjects than after infarction, 
but this was of no diagnosUc significance, in the 
individual patient, such a Q wave shown before 
infarction was reduced in amplitude or abolished 
by the infarct 

Unipolar limb leads ware examined in 18 cases of 
posterior infarction with Q waves in the standard 
leads The left leg lead showed a Q deflection m all 
cardiograms, it was deep and wide if typical Q 
waves were seen m leads 11 and HI When the 
standard leads were discordant with a wide and 
deep Q III, Q in the left leg lead was wide, but not 
always deep When the standard leads were con- 
cordant with inconclusive Q waves m leads II and 
HI, Q was also small in the left leg In all records 
of plain posterior infarction, Q in was larger than 
Q in the left leg, the left arm lead showed an initial 
upright deflection of more than ) mm , m most, but 
not all records, an initial upright deflection was also 
shown in the nght arm, and this did not appear as 
a Q wave of the same size in lead I 
From an examination of unipolar limb leads in 
subjects without infarction it was concluded that 
equivocal Q waves in the standard leads did not 
indicate plain posterior infarction if the initial deflec- 
tion was upright in theleft leg, or downward in the left 
arm, or if an initial R shown in the right arm was also 
recorded in lead I as a Q of similar size A Q wave 
in the left leg lead did not represent infarction if it 
was of the same amplitude as Q III When the 
standard leads were concordant, equivocal Q waves 
in leads II and III were suggestive of infarction if 
Q in the left leg lead was smaller than Q III and if 
right and left arm leads conformed to the infarction 
pattern In discordant tracings, the width of the 
Q wave in the left leg lead was significant, a deep 
Q wave, even when smaller than Q III, did not 
indicate an infarct The effect of deep inspiration 
on the Q wave in lead III and lead VF was also 
examined, if Q III was abolished by deep mspira 
tion, absence of Q in lead VF could be inferred 
In’ the discussion the electrical events leading to 
the observed cardiographic patterns were analysed 

I wish Id record my gratitude to Dr William Evans 
for much advice and encouragement received from him 
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Complete transposition of the great vessels is one 
of the less common congenital anomalies Survival 
after birth is dependent upon the presence of some 
communication between the right and left sides of 
the heart that will permit crossing of the greater 
and lesser circulations and enable venous blood to 
reach the lungs 

The case described below is of particular interest 
because of the absence of diagnostic criteria afforded 
by the usual methods of clinical and radiological 
examination 


Case Report 

D T , aged 5 years, had been cyanosed since 
birth He became very breathless on the slightest 
exertion and he frequently assumed the squatting 
position There was no history of rubella during 
the mother’s pregnancy 

Physical examination The child was undersized, 
wt marked cyanosis which was of equal intensity 
* n r( ' h tbe u PP er and lower extremities There 
l' ,as > s P n ®a at rest and marked clubbmg of the 
ingers and toes Examination of the cardiovascular 
sysem showed bulging of the prascordium and 
'£ general cardiac enlargement A harsh 
systolic murmur was heard down the left side of the 
there was a pure pulmonary second 
m ' v,as no thrdl and no diastolic 

were ^ mora * pulses and blood pressure 

ormal, and the lungs were clear 

of nnKv-,°u, d C0Unt sbowed a considerable degree 
values In!!™ 13 r 121(5 figures Wlth the normal 
follows h ase . of 5 V ears for comparison were as 

Cre, es h ? 9 08 '?,? ,n 21 gramS (I2 red b,00d 

12,000 per c mm'° n ^ C mm leucoc ytes 

P rnm , mean corpuscular diameter 


7 3 p. (7 4), packed cell volume 63 per cent (37) 
mean corpuscular volume 80 c p (80), mean cor- 
puscular haemoglobin concentration 33 per cent 
(34) 

Cardiograph , using augmented unipolar leads m 
addition to standard leads, was performed and has 
been interpreted according to the criteria of Gold- 
berger (1947) (Fig 1) The standard limb leads 
show high voltage complexes and marked right axis 
deviation The P waves in leads I and II and VF 
are of increased amplitude and duration (lead I, 
duration Oil sec , height 2 mm , lead II, dura- 
tion 0 12 sec , height 3 mm , lead VF, duration 
0 1 1 sec , height 2 5 mm ) The heart is vertical 
in position, since the unipolar left leg lead resembles 
lead V6 and therefore faces the epicardial surface 
of the left ventricle There is also clockwise rota- 
tion of the heart round its long axis, because the 
unipolar left arm lead faces the cavity of the right 
ventricle VL shows a small R wave and a large S 
wave and a negative T wave and the pracordial 
leads show RS patterns 

There is no definite evidence of right ventricular 
strain, but this may be deduced from the presence 
of auricular hypertrophy Goldberger states that 
if any of the unipolar extremity leads show P waves 
with duration of 0 1 1 sec or more and an amplitude 
of 2 5 mm or more, auricular hypertrophy may be 
suspected 

Radiograph’ A postero-antenor radiogram of 
the chest showed an enlarged heart with a prominent 
pulmonary conus and full root shadows, the lung 
fields showed congestive changes (Fig 3) 

Fluoroscopy and barium swallow re\ealed an 
enlarged heart, with an enlarged pulmonary conus, 
and very dilated pulmonary vessels with marked 
pulsation The aorta appeared to be dextroposed 
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Fjg 1 — Standard and unipolar lead electrocardiograms The heart is vertical with clockwise rotation round 
its long axis Right auricular strain and indirect evidence of right ventricular strain art present 

Limb lead 1 mv = 1 cm Pracordia! leads I mv =1 5 cm 


Angiocardiography 

Technique Angiocardiography was earned out 
under general anaesthesia Two injections of 40 ml 
70 per cent pyelostl were made into the antecubital 
vein of the right arm In the first instance the 
patient was X-rayed in the nght posterior oblique 
position lying supine, and m the second instance in 
the antero-postenor position lying on his side 

A rotating senal cassette changer was used with 
the following radiographic factors 200 M A 
72-74 KVP, 1 /20th second exposure, at a target 
film distance of 36 inches In both antero posterior 
and oblique positions six exposures were made at 
one-second intervals starting at one second after 
the injection 

Oblique radiograms On the two-second film 
(Fig 3) good filling of the superior vena cava 
will be noted The nght auncle is clearly out- 
lined and the reflux of contrast medium into the 
inferior vena cava is seen The nght ventncle is 
filled and enlarged and the interventncular septum 


is convex posteriorly The ascending aorta and 
arch are outlined and a faint trace of contrast 
medium is visible in the left side of the heart just 
postenor to the nght auricle The pulmonary 
artery is outlined very faintly 

On the three-second film (Fig 4) the right auricle 
is still outlined and the ventricle is more clearly 
shown, as well as the ascending aorta aortic 
arch, and descending aorta The innominate and 
external and internal carotid arteries arc also out- 
lined The left auncle and ventncle arc Fairly well 
delineated and the pulmonary artery can now be 
seen clearly demonstrated as a second arch below 
the aorta On the subsequent films most of the 
contrast medium is seen scattered throughout the 
pulmonary vascular bed and the cardiac chambers 
are not clearly differentiated 

Antero-postenor radiograms In the two-second 
film (Fig 5 A and B) the nght auricle and ventricle 
arc clearly demonstrated The ascending aorta 
is seen to anse from the right ventncle The 
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Fig 2 — Postero-antenor 6-ft film of the chest 


innominate artery, the right carotid and the inter 
rarotid arteries are shown and some contrast medi 
has entered the left ventricle On the three-sec- 
yjm (F, g 6 ) the left side of the heart is r 
filled with contrast medium The aorta is • 
* hc Pfi'monary artery and the main r 
ry branches arc partly demonstrated A' 

L“f 1 0f thc ob,| q ue radiograms subsequ 
films did not reveal any details of the care 


chambers as most of the contrast medium had en- 
tered the pulmonary vascular bed and partly left 
the heart 

The radiographic examination quite dearly 
demonstrated the transposition of the aorta and 
pulmonary artery The septal defect itself is not 
shown, but the rapid filling of the left side of the 
heart on the two- and three-second films is very 
suggestive of the presence of such a defect It is 
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3 _ An g.ocard.og«rn lat 2 seconds^ -uft aunclc 

ventricle are demonst c =Supenor vena cava L u!mon ar> artery 

(B) (Inset) Diagram of Fig ** > vc =Infcn or vena cava »*£ =Aorta 

RA = Right aunclc 
vi nfnclc 
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aorta^S^Z™ed at,ent m the ° bl,qUC 

(B) (Inset) S V C =Supenor vena cava 
£ A =Right auncle 
R ' =Right ventncle 


B 

position taken at 3 seconds Pulmonary artery and 

P A = Pulmonary artery 
L A =Left auncle 
Ao =Aorla 
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p IG 5 Angiocardiogram at 2 seconds of the patient in the antcro posterior position Right auricR and 

ventricle are clearly demonstrated The aorta is seen to rise from the right scntnclc 
(B) (rnset) SVC =Supenor vena cava 
RA = Right auricle 
R V ■= Right ventricle 
L V =L eft ventricle 
Ao =Aorta 


>«•** 




B A 

Fig 6 —Angiocardiogram, at 3 seconds, of the patient in the antero-postenor position The right ventricle, 
aorta and the left ventricle are outlmed 

(B) (Inset) SVC =Supenor vena cava 
R.A =Right auricle 
R V = Right ventricle 
L V =Left ventricle 
Ao =Aorta 
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impossible lo decide if this defect is auricular or 
ventricular 

Cardiac catheterization was not undertaken as it 
was felt that it would yield no further useful 
information 

Differential Diagnosis 

The history of cyanosis from birth and the physical 
signs in this case suggested either transposition of 
the aorta and pulmonary artery with an associated 
widely patent septum, tricuspid atresia, single 
ventricle, or Fallot’s tetrad with extreme pulmonary 
stenosis Electrocardiography did not reveal the 
gross right or left heart strain that would have been 
expected in pulmonary and tricuspid atresia respec- 
tively Taussig (1945) describes a characteristic 
cardiac contour on fluoroscopic examination in 
cases of transposition of the great vessels Since 
the aorta lies further to the right and m front and 
the pulmonary artery further to the left and behind, 
the shadow at the base of the heart is the reverse of 
normal, being wider m the left anterior oblique 
view and narrower m the antero-posterior view In 
the latter position the shadow of the pulmonary 
conus is usually absent and a rhythmical change m 
size of the right auricle and ventricle, due to frequent 
reversal of the shunt, is seen In our case no such 
distinctive contour or rhythmical alteration was 
observed, and a pulsating shadow noted in the 
region of the pulmonary conus was pro\cd by 
angiocardiography to be the aorta 

Discussion 

Complete transposition of the aorta and pul- 
monary' artery may be accompanied by patencies 
of the normal fcetal pathways the foramen ovale, 
and the ductus arteriosus, or by additional septa! 
defects As Taussig (1947) points out the larger 
the communication betw-een the two sides of the 
heart, the longer will be the period of survival 
When the ductus arteriosus or foramen ovale alone 
are patent, survival for more than a few hours or 


days does not occur, but infants who in addition 
have widely patent interventricular septa ma> 
survive for much longer Taussig considers that 
even in cases where both septa are widelv patent 
survival is rarely possible bey ond the age of eighteen 
months Hanlon and Blalock (194S) collected 
123 cases of complete transposition with associated 
abnormalities and found the average duration of 
life was nineteen months Six patients lived ten 
years or longer, but the average age at death m the 
other 117 patients was five and a half months 
Twelve cases had an interventricular septal defect 
without other abnormalities and these patients 
lived for a mean period of four vears and one 
month The association of a patent foramen ovale 
with patent interventricular septum (19 cases) 
increased the survival to four years nine months, 
but the association of other defects decreased the 
duration of life Of Kato s (1930) S6 cases 16 had 
defects of both septa, the average survival time of 
these 16 being five and a half years But the inclu- 
sion of 2 patients aged nineteen and fifty -six vears 
respectively among these 16 cases presents a falsely 
optimistic picture It appears therefore that 
complete transposition is unlikely to be compatible 
with survival after the age of four years, cvi.n when a 
patent interventricular septum is present 


SUVIMARV 

A case of complete transposition of the aorta and 
pulmonaiy artery is described in a child fiv<_ years 
of age showing intense cyanosis and great breath- 
lessness on exertion The condition was clearly 
revealed bv angiocardiography and could not have 
been detected bv the usual clinical and radiological 
methods A survey of the literature shows that 
survival beyond the age of four and a half vears is 
very rare in this condition 

We wish to thank Professor R S Illingworth for 
permission to publish the details of this case Dr J 
Wilkie and Dr C W Lawson for their help and co 
operation and Mr J Coombs for technical assistance 
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For a variety of reasons it is difficult to evaluate 
the influence of therapeutic procedures in essential 
hypertension, the peculiar feature of which is an 
elevation of the diastolic blood pressure Patients 
present individual problems and do not readily 
adapt themselves to precise categories and strict 
comparisons Furthermore, while hypertension 
commonly runs a prolonged course over the years 
and show's of itself spontaneous fluctuations from 
day to day, yet for reasons unknown the intensity of 
the disease may abruptly increase and the pace 
towards a fatal termination quicken with unexpected 
suddenness We have no measure of vascular 
vulnerability with which to compare one patient 
with another 

A feature of the disease, even in the same 
subject, is its variability Symptoms pass through 
phases of activity and seldom correlate with the 
blood pressure readings Arteriolar tone is not a 
fixed quantity The diastolic pressure is constantly 
changing, occasionally falling to surprisingly low 
levels for no obvious reasons It is remarkable 
how, after many months of intermittent disable- 
ment by headache or giddiness in middle life, a 
symptom-free stage may ultimately be attained in 
later years without, however, much significant 
alteration in the blood pressure These natural 
sanations and remissions hinder reliable therapeutic 
deductions in the individual patient Nervous and 
emotional factors are difficult to assess and it is 
well recognized that the hypertensive patient is 
highly susceptible to suggestion— particularly when 
it is reinforced by the sympathetic care and under- 
standing of an enthusiastic adviser Psychological 
factors may distort the picture and obscure the basic 
facts 

By the study of a group of patients over a suffi- 
ciently long period the fallacies attributable to the 


inconsequential fluctuations of pressure and spon- 
taneous remissions in symptoms arc minimized to 
some extent All our patients were under the care 
and supervision of the same observers accustomed 
to the same surroundings, the same methods of 
clinical investigation and familiar with the ways of 
the examiners, they were thereby exposed to few 
extraneous factors liable to influence their nervous 
tension adversely By the adoption of an attitude 
of benevolent neutrality, psychological influences 
were kept as uniform as possible from patient to 
patient Each patient reported at intervals and 
was assessed by the same observers 
Many attempts have been made to judge the 
efficacy of the surgical attack on hypertension 
(Adson et al , 1934, 1936, Allen and Adson, 1940, 
Smithwick, 1940, 1944, and Gnmson, 1947) 
Inadequate standards for comparison have proved 
a stumbling-block Not infrequently an author 
has assembled two groups for comparison, one 
medically and the other surgically treated To some 
extent the conclusions are invalidated by a com- 
parison of the author s senes of surgically treated 
patients with a medical group investigated by some- 
one else necessanly employing slightly different 
standards, techniques, and methods For example, 
Wagener and Keith (1939) report on a senes of 
medically treated patients with hypertension and 
their results have been used by several surgical 
authors for comparison with their own cases, 
Flaxman (1944) desenbes a medical senes of his 
own compared with the surgical expenences of Peet 
et al (1940), Hammarstrom (1947) compares his 
surgical cases with a senes of n on-operated cases 
desenbed by Bechgaard (1946), and so on The 
general consensus of opinion is that sympathectomy 
is of value particularly in younger patients before 
the development of senous coronary or renal disease 
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Hammarstrom (1949) believes that in the severer 
cases with retinal exudation life expectancy is 
increased in a sympathectomized group as compared 
with similar patients treated by medical means 

The Problem 

The problem under consideration is the evaluation 
of the results obtained by medical and surgical 
means m the treatment of essential diastolic hyper- 
tension This has involved a review of the progress 
of a large number of patients of whom some were 
surgically and some medically treated The results 
are considered m general as well as in certain 
particular details In the investigations now to be 
described, both ‘ medical ” and “ surgical ’ groups 
have been examined and assessed by the same 
doctors, thus ensuring, it is hoped, more constant 
standards of comparison and hence more accurate 
conclusions Surgery was first employed by us 
rune years ago All the cases subsequently sym- 
pathectomized have been followed-up and form the 
basis of the present study The control medical 
group dates bach to five years ago 

The Material 

The material on which our investigations are based 
consists of 151 cases of essential hypertension of 
whom 96 were treated by medical measures and 55 
by surgery 

The investigations common to all the patients 
started on their admission to hospital In general 
arteriosclerosis, angina, congestive heart failure, 
poor renal function, and an age m excess of 50 years, 
with few exceptions, were usually regarded as contra- 
indications to surgical intervention, but minor 
cerebral episodes, even transient hemiplegias, did 
not exclude the possibility of surgical help Chang- 
ing standards of selection for surgery have proved 
of help to us m the construction of the two groups 
— surgical and medical — for the purposes of the 
present analysis of the results obtained 

When surgery was not employed the medical 
measures recommended were those m common use, 
including in the first instance a rest in bed in the 
hospital for two or three weeks, and thereafter 
some limitations m activities a reduction in bodv- 
weight when necessary, the administration of simple 
sedatives such as phenobarbitone and analgesics 
from time to time, the use of the head-up bed 
for the prevention of morning headache, and xene- 
section very occasionally Most emphasis was put 
on reduced activities and the avoidance of fatigue 
In the surgical group Smithwich s (1940) method 
of lumbo-dorsal sympathectomy was employed in 75 
per cent of the 55 patients and lumbar sympathec- 
tomy in the remainder treated several years earlier 
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The medically treated group of 96 cases consisted 
of 76 benign (that is with retinal changes less than 
papillcedema) and 20 malignant cases (that is with 
papillredema accompanied or unaccompanied by 
other retinal changes), the surgically treated group 
of 55 was composed of 45 benign and 10 malignant 
cases 

The ‘ benign medical ” group consisted of 76 
cases, 17 males and 59 females, varying in age from 

30 to 71, the average age being 47 years, the dura 
tion of the follow-up period varied from six months 
to five years The ‘ benign surgical” group was 
composed of 45 cases, IS males and 27 females, 
varying in age from 19 to 60, the average age being 
40 years, the follow-up periods varied from three 
months to eight and a half years 

The * malignant medical ' group contained 20 
cases, 14 males and 6 females, varying in age from 

31 to 66, the average age being 50 years, the follow 
up periods ranged from one month to one y ear The 
‘ malignant surgical ’ group was composed of 
10 cases, 5 males and 5 females, whose ages ranged 
from 36 to 61, the average age being 46 years 
Follow up periods xaned from three months to 
three years 

Method of Investigation 

Assessment of patients before and after treatment 
The same routine of tests and imestigations was 
applied to every patient in the senes before treat 
meat and at internals after treatment The methods 
employed consisted of a careful history to exclude 
any primary renal disease, endocrine disorder or 
other cause for the hypertension Particular aticn 
tion was devoted to a routine physical examination 
with special note of the following points 

(1) Assessment of retinal grade according to the 
method of Wagener and Keith (1 939) into four 
classes — 1, 2 3, and 4 (Normal is graded 0, 
papillcedema is graded 4 ) 

(2) Assessment of cardiac efficiency graded 
according to the following method A normal 
B, slight impairment during exertion C, consider 
able impairment during exertion and D impair- 
ment at rest 

(3) Assessment of renal efficiency , according to 
results of the urea concentration range (Cameron 
1934) or the urea clearance tests (Peters and Van 
Slyke 1946) thus A, \cry good, B, good C fair, 
and D, poor 

(4) Assessment of severity of symptoms thus 
A, symptom free B moderate symptoms but fit 
for work, C, severe symptoms, unfit for worl and 
D, dead 

(5) Assessment of the diastolic pressure As a 
measure of the peripheral resistance the diastolic 
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pressure is recognized as a more reliable indication 
of the seventy of the hypertensive process than the 
systolic level Furthermore, the diastolic pressure 
has a smaller xange.of fluctuation than the systolic 
and is less susceptible to unpredictable excursions 
For comparative purposes the diastolic pressure 
therefore yields the more reliable figure and we have 
made use of it m our assessment The basic figures 
were taken when the patient, already thoroughly 
familiar with the method, had rested for at least 1 0 
to 15 minutes recumbent on a couch It must be 
realized that this reading vvas not taken until the 
end of the examination, by which time it vva<= en- 
sured that the patient vvas adjusted to his sur- 
roundings and completely at ease in a quiet restful 
room with which he vvas familiar The diastolic 
pressure is recorded in mm of mercury for each 
patient and not graded A, B, C, or D as for the other 
observations listed above 

During the clinical examination note vvas made of 
the physique and nutrition of the patient, the pat- 
tern of the electrocardiogram, and the heart-size 
measured radiologically by the method of Unger- 
_ leider and Gubner (1942) These latter observa- 
tions however, had not all been made in every' case 
before treatment, and therefore were discarded 
in the statistical analysis of the results 
The construction of matched groups for comparison 
of results The second part of the investigation 
consisted in dividing the patients into matched groups 
for the purpose of comparing the results of the two 
methods of treatment As the hypertensive process 
as a rule runs a milder course m the female (Bech- 
gaard 1946, Rogers and Palmer, 1946-7) the surgical 
cases were divided on a sex basis Each of these 
male and female groups vvas subdivided into smaller 


TABLE I 

Composition of Groups of Surgicvlly Treated 
Patients 


Group 

Retinal 

grade 

1 

Cardiac 
efficiency 
grade j 

Renal 

efficiency 

grade 



Males 

x. 

I 

0 

A 

A N 

2 

1 

A 

A 

3 A 

11 

A 

A-B 

3 B 

11 

B 

A-B 

4 

111 

C 

C 

5 A 

- IV 

A 

B 

5 B 

IV 

C 

C 

5 C 

IV 

D 

D 


Females 


1 A 

0 

A 

A 

I B 

0 

A 

B 

I C 

i 0 

B 

A 

2 A 

, 1 

A 

A 

2 B 

1 

' A 

B 

2 C 

1 I 

C 

C 

3 A , 

11 

A 

A 

3 B 

II 

1 C 

A 

4 

! III 

A-B 

C 

S A 

IV 

B 

B 

5 B 

I IV 

c 

1 

c 


being done on the basis of their prc-lrcatmcnt 
investigations The addition of the medical cases 
as an “ extension ” to each surgical group caused 
no alteration in the description of any group as 
given in the above tables, since the third-class com- 
parisons (which might have disturbed the homo- 
geneity of a group) had been discarded The final 
constitution of each “ surgical-plus-medical ” group 
which are the units on which the actual work of 


groups composed as far as possible of persons of 
similar ages and with similar grading in the tests 
listed above This procedure resulted in the 
surgical cases being divided into 1 1 female and 
8 male-groups, as shown in Table I 
Next each ‘ medical ’ patient’s results were 
carefully scrutinized and he vvas placed in a 
medical group corresponding to the ‘ surgical ’ 
group whose criteria he best fitted Those medical 
cases who fitted exactly were termed “ firsf-class com- 
parisons , those who fitted well, but deviated m 
one degree in any criterion other than retinal grade 
were termed ‘ second-class comparisons”, those 
who fitted less well, but better into that group than 
into anv other were called ‘ third-class com- 
parisons and were excluded from the statistical 
assessment of results 

There now existed 8 male and 1 1 female groups 
vach consisting of the original surgical cases and 
those medical cases that matched them, the matching 


comparison and statistical analysis vvas done is 
presented in Table II Amongst the males groups 
1 to 4, inclusive and amongst the females groups 
1A to 4, represent cases of benign hypertension. 
Malignant hypertension is composed of groups 5B 
and 5C male, and groups 5A and 5B female 

Of the total of 23 male surgical cases, 18 were 
benign and 5 malignant, and ofjhe total of 27 
medical cases used for the analysis (1st J- 2nd class) 
13 were benign and 14 malignant Of the total of 
32 female surgical cases, 27 were benign and 5 
malignant, of the total of 47 female medical cases 
(1st class +2nd class comparisons) 42 were benign 
and 5 were malignant (Table II) 

The third class comparisons numbered in all 22, 
4 males and 18 females Of the 4 males, all were 
benign cases, of the 18 females, 17 were benign, and 
1 malignant 

It is customary to consider the adverse influence 
of obesity on the course of hypertension It has 
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TABLE II 

COMPOSmON OF THE MATCHED GROUPS ON WHICH 

the Statistical Analysts is Based The Third 
Class Comparisons are Discarded 


Group 

: No of 
surgical 
cases 

No of medical cases for 
comparison 

- 

1st class 

j 2nd class J 

3rd class 

1 

3 

Males 

3 



2 

5 

1 

2 

— 

3 A 

6 

1 

1 



3 B 

2 

2 

1 

3 

4 

2 

2 

— 

1 

5 A 

3 

4 

3 

— 

5 B 

1 

2 

— 

— 

5 C 

1 

1 

4 

— 

Total 

- 23 

16 

11 

4 

1 A 

3 

Females 

4 


_ 

1 B 

1 

3 

3 

4 

1 C 

3 

1 

4 

2 

2 A 

2 

2 

— 

— 

2 B 

4 

2 

2 

— 

2 C 

7 

3 

2 

- 2 

3 A 

3 

3 

2 

— 

3 B 

3 

3 

4 

6 

4 

1 

2 

2 

- 3 

5 A 

4 

3 



1 

5'B 

1 

2 


Total 

32 

28 

19 

18 


een noted by many writers (e g Hunter and Rogers, 
973) that since an excess of body weight has an 
dverse bearing on the subject’s expectation of life, 
ought to operate even more severely to shorten 
he life span of the patient with hypertension 
lechgaard (1946), however notes that contrary to 
xpecTation in his senes ofl 000 hypertensives which 
ontamed 311 obese patients, the latter had if any- 
hing a lower mortality than the others 
In our small senes there were 7 cases of obesity 
mongst the male surgical patients (5 benl f’? 

malignant) and 4 amongst the male medicaUy 
rented cases (3 benign and 1 malignant) In the 
miles of those surgically treated, 6 benign and 
1 5 ♦ at¥» rYhp^e whilst of the medical senes, 

“^markedly o,Wt 

” d rn'tobtS r»P «"ly 

SK 'f-j* l sr -ETSS S 

me average Obesity oiui. f the follov> _ 


tensive cases, loss of weight was noted m 65 ptr cent 
of the medical and 30 per cent of the surgical cases 
and in the medical group it was an accompaniment 
of their rapid deterioration Body w eight is therefore 
disregarded in our groupings 
The adoption of matched groups is one which 
should meet Smithwich’s (1948) requirements when 
he states “ Further comparison of surgically and 
non-surgically treated cases divided into similar 
sub-groups m which the most important variables 
are held constant is desirable Until this can be 
done the influence and relative merits of various 
therapeutic measures upon the course of hyper- 
tensive vascular disease cannot be evaluated with 
certainty ” Although the numbers in this investiga 
tioo’are small, our statistical colleague (BW) is 
-satisfied that they are sufficiently large to provide 
information that is significant 


Statistical Analysis 

It must be emphasized strongly that the reliability 
of this analysis depends entirely on the validity of 
the grouping and matching of the cases described 
above In a clinical trial it is necessary that the 
allocation of cases to experimental and control 
groups shall be free from bias m respect of severity 
of symptoms, age, sex, or any other circumstance 
likely to have a bearing on prognosis This is 
usually contnved by a deliberately planned expen 
ment in which the cases are allotted to one or other 
form of treatment by a designed process In the 
present investigation, however, this was not done 
each patient was given surgical or medical treatment 
as seemed appropriate without strict regard to the 
possible future use of the cases in a statistical 

comparison , 

It has been possible, however, owing to such 
factors as changing standards as to indications for 
operation, patients declining operation and so on 
to match our surgical groups with medical, on the 
basis of the observations made during the patient : s 
first stay in hospital and thus the series of cases has 
been converted retrospectively into a proptrly co 
trolled experiment to the best of our ability All he 
nat ents had been under detailed observation in the 
fvards of the hospital and had submitted to the same 

r °Tn in thc statistical analysis each group was taken 
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efficiency, (4) symptom grade, and (5) diastolic blood 
pressure The second part is a consideration oF the 
incidence of deaths m relation to sex, seventy of 
symptoms and method of treatment 

Comparison by Symptoms and Signs 
In the analysis under this heading, the change was 
noted, for each patient, between the initial value or 
grade and that found at a specified time after treat- 
ment, m each of the items noted abo\e The choice 
of the time interval is of some importance It is 
desirable to use as long a penod as possible, to give 
ample time for the results of treatment to become 
manifest, a long interval also helps to Teduce bias, 
by eliminating from the analysis all patients who 
die soon after the initial examination, and who 
therefore may have been too advanced in the disease 
to benefit from treatment It also serves to mini- 
mize any effects attributable to psychological better- 
ment and unintentional suggestion On the other 
hand, increasing the time interval involves omission 
from the comparison of all the more recent cases 
The best comprofmse is to base the main comparison 
on the difference between the initial findings and 
those at the examination most nearly coinciding with 
the first anniversary of the commencement of treat- 
ment, or of sympathectomy 
Data on change of symptom-grade are available 


for 47 surgical cases (20 male and 27 female) and 
42 medical cases (1 1 male and 31 female), a total of 
89 patients Observations on criteria 1, 2, 3, and 5 
(see p 288) are also on record for most of these 
cases Comparisons of changes after three years 
were also made, but the number of cases was only 
41 , the findings for the one-year and three-year 
periods are fully concordant 
Criteria 2, 3, and 4 are on the ABC scale, an 
arbitrary' value of unity being given to each successive 
step Retinal grade is 0, 1, 2, 3, and 4, as described 
earlier, blood pressure differences were measured 
quantitatively in mm Hg In each group of patients 
the average change in the medically and surgically 
treated cases was calculated with respect to each 
criterion, and the probability that the observed 
difference, if any, might be attributable to chance 
fluctuations The combined probability that all the 
differences with Tcspect to treatment might be 
chance_effects were then calculated Where this 
probability is less than I 20 the treatments are 
taken as giving significantly different results 

Results of analysis The main findings are as 
follows 

(1) In the symptom grading , the surgical cases 
show a great and decisive superiority over the 
medical The details for a 12-months interval are - 
shown in Table HI A positive value in the last 


TABLE IB 

Mean Changes in Symptom Grade after One Year 


Group | 

Surgical cases 

Medical cases 

Difference between 
means* 

No 

Mean improvement ! 

No 

Mean improvement 

\ \ 
3 A 

3 B 

4 

5 A 

5 B 

i i ! 

2 

2 

3 

l 

0 67 grade 1 

2-00 

1 80 

, 200 

1 50 

1 33 

200 

Males 

0 

2 

2 

3 

1 

f 

0 50 

0 50 

0 67 

1-00 

_ -I 00 

I 50 

1 30 

1 33 

0 50 

300 
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TABLE n 

Composition of the Matched Groups on which 
the Statistical Analysis is Based The Third 
Class Comparisons are Discarded 


Group 

No of 
surgical 
cases 

No of medical cases for 
comparison 


1st class 

2nd class 

3rd class 

1 

3 

Males 

3 , 



2 

5 

1 

2 

— 

3 A 

6 

1 

1 



3 B 

2 

2 

1 

3 

4 

2 

2 

— 

1 

5. A 

3 

4 

3 

— 

5 B 

1 

2 

— 

— 

5 c 

1 

1 

4 

— 

Total 

- 23 

16 

11 

4 


Females 


1 A 

3 

4 

— 

— 

1 B 

1 

3 

3 

4 

1 C 

3 

1 

4 

2 

2 A 

2 

2 

— 

— 

2 B 

4 

2 

2 

— 

2 C 

7 

3 

2 

- 2 

3 A 

3 

3 

2 

— 

3 B 

3 

3 

4 

6 

4 

1 

2 

2 

3 

5 A 

4 

3 

— 

1 

TB 

r 

2 

— 

Total 

32 

28 

19 

18 


n noted by many writers (e g Hunter and Rogers, 
’3) that since an excess of body weight has an 
rerse bearing on the subject’s expectation of life, 
jught to operate even more severely to shorten 

life span of the patient with hypertension 
:hgaard (1946), however, notes that contrary to 
lectation in his senes oflOOO hypertensives which 
itamed 311 obese patients, the latter had if any- 
ng a lower mortality than the others 
n our small senes there Mere 7 cases of obesity 
iongst the male surgical patients ( 5 benign ^ and 
malignant) and 4 amongst the malc me ^‘ Ca ^ 
ated cases (3 benign and 1 malignant) In the 
S of those surgically treated, 6 benign and 
Sant were obese, whilst of 

were markedly overweight Obwitynov^ 


tensive cases, loss of weight was noted in 65 per cent 
of the medical and 30 per cent of the surgical cases 
and in the medical group it was an accompaniment 
of their rapid deterioration Bod> weight is therefore 
disregarded in our groupings 
The adoption of matched groups is one which 
should meet SmithwicL’s (1948) requirements when 
he states “ Further comparison of surgically and 
non surgically treated cases divided into similar 
sub-groups in which the most important variables 
are held constant is desirable Until this can be 
done the influence and relative ments of various 
therapeutic measures upon the course of hjper 
tensive vascular disease cannot be evaluated with 
certainty ” Although the numbers in this imestiga 
tion’are small, our statistical colleague (BW) is 
-satisfied that they are sufficiently large to provide 
information that is significant 


Statistical Analysis 

It must be emphasized strongly that the reliability 
of this analysis depends entirely on the validity of 
the grouping and matching of the cases described 
above In a clinical trial it is necessary that the 
allocation of cases to experimental and control 
groups shall be free from bias in respect of severity 
of symptoms, age, sex, or any other circumstance 
likely to have a bearing on prognosis This is 
usually contrived by a deliberately planned expen 
ment in which the cases are allotted to one or other 
form of treatment by a designed process In the 
present investigation, however, this was not done, 
each patient was gi\en surgical or medical treatment 
as seemed appropriate without strict regard to the 
possible future use of the cases in a statistical 

comparison , 

It has been possible, however, owing to such 
factors as changing standards as to indications or 
operation, patients declining operation and so on 
to match our surgical groups with medical, on the 
basis of the observations made during the patient 
first stay in hospital and thus the scries of cases ; has 
been converted retrospectively mto a property con 
trolled experiment to the best of our ability All he 
oat en.s haTteen under detailed observation m the 
Sof the hospital and had submitted to the sama 

°In"lhc statistical analysis each croup uas taken 

1 , ! he “ surgical ’ cases compared with 

Sx criteria arc available for statistical evaluation 
?£sTcan be divided into two sections In the firs 
Sc observations made at periodic re-exam, nations 

S' thTpaticnts oho -- Z - ££ 
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efficiency, (4) symptom grade, and (5) diastolic blood 
pressure The second part is a consideration of the 
incidence of deaths in relation to sex, seventy of 
symptoms and method of treatment. 

Comparison by Symptoms and Signs 
In the analysis under this heading, the change was 
noted, for each patient, between the initial value or 
grade and that found at a specified time after treat- 
ment, m each of the items noted abov e The choice 
of the time interval is of some importance It is 
desirable to use as long a period as possible, to give 
ample time for the results of treatment to become 
manifest, a long interval also helps to reduce bias, 
by eliminating from the analysis all patients who 
die soon after the initial examination, and who 
therefore mav ha\e been too advanced in the disease 
to benefit from treatment It also senes to mini- 
mize any effects attributable to psychological better- 
ment and unintentional suggestion On the other 
hand, increasing the time interval in\ olves omission 
from the comparison of all the more recent cases 
The best comprofmse is to base the mam comparison 
on the difference between the initial findings and 
those at the examination mostrnearly coinciding with 
the first anniversary of the commencement of treat- 
ment, or of sympathectomy 
Data on change of symptom-grade are available 


for 47 surgical cases (20 male and 27 female) and 
42 medical cases (1 1 male and 31 female), a total of 
89 patients Observations on criteria 1, 2, 3, and 5 
(see p 288) are also on record for most of these 
cases Comparisons of changes after three years 
were also made, but the number of cases was onlv 
41, the findings for the one-year and three-year 
periods are fully concordant 

Criteria 2, 3, and 4 are on the ABC scale, an 
arbitrary value of unity being given to each successive 
step Retinal grade is 0, I, 2, 3, and 4, as described 
earlier, blood pressure differences were measured 
quantitatively in mm Hg In each group of patients 
the average change in the medically and surgicallv 
treated cases was calculated with respect to each 
criterion, and the probability that the observed 
difference, if any, might be attributable to chance 
fluctuations The combined probability that all the 
differences with respect to treatment might be 
chance_effects were then calculated Where this 
probability is less than I 20 the treatments are 
taken as giving significantly different results 

Results of analysis The main findings are as 
follows 

(1) In the symptom grading, the surgical cases 
show a great and decisive superiority over the 
medical The details for a 12-months interval Sre 
shown in Table III A positive value in the last 


TABLE in 
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column means that the surgical cases did better 
It will be seen that only m one group (female group 4, 
with one surgical and two medical cases) is there a 
minus sign As might be expected, the combined 
test of significance shows an infinitesimal probability 
(less than 1 1,000,000,000) that the superiority of 
the surgical cases is due to sampling fluctuation 
On the average, the surgical cases impro\ed by 
about 1 4 symptom grades in the course of a year, 
almost all were able to work, and many were free 
from symptoms In the medical cases, the average 
improvement was less than 0 4 of a symptom grade 
(2) In diastolic blood pressure, the medical cases 
show an average rise while the surgical cases 
show an average fall, and the difference is highly 
significant statistically The amount of nse or fall 
did not seem to vary with the seventy of the cases 
It was therefore legitimate to pool all the surgical 
and all the medical cases The means and some tests 
of significance are shown in Table IV Although 

i 

TABLE TV 


Mean Changes in Diastolic Blood Pressure 
after One Year 


Cases 

No 

Mean change (mm Hg ) 

Surgical cases 

31 

-8 39 

Medical cases 

30 

+8 37 

Difference 


16 76+5 08 

t 


3 30 

P 


0 001 approx 


the changes are statistically established, they are not 
very striking m magnitude, averaging +8 4 mm Hg 
in the medical cases and —8 4 mm Hg in the 
surgical 

(3) In the retinal grading there was a difference in 
favour of the surgical cases, which is just statisticalK 
significant On the average the surgical cases 
improved in twelve months by 0 5 of a grade, while 
the medical cases showed no change 

(4) &. (5) Cardiac and renal gradings showed a 
difference in favour of surgical treatment which, 
however, in nedher case was statistically significant 

The general 'conclusion from this part of the 
analysis is that among patients who survive a sear 
or more, those who received surgical treatment arc 
functionally and subjectively considerably better 
than those treated medically The surgical cases 
also appear to be better on objective signs blood 
pressure, and cardiac, retinal and renal gradings 
But the difference in the well being of the patients 
is much greater than would be expected from these 
objective assessments 


Comparison b\ Mortautv 
We now come to the consideration of the second 
part of the statistical analysis— the analysis of death 
incidence Including all surgical cases and the first 
and second class medical comparisons, wl hare 
records of 128 patients of whom 36 died It was 
soon obvious that the death rate m the benign cases 
(groups 1 to 4 inclusive) was so widely different from 
that m the malignant cases (groups 5A, 5B and 5C) 
that those two classes were best treated separately 
In the benign groups there arc 45 surgical cases 
with 5 deaths, compared with 55 medical cases 
with 7 deaths On the crude figures there is no 
evidence of any difference This is confirmed by 
more refined analysis These patients were or 
disparate ages and had been under observation for 
periods varying from a few months to several years 
The older the patient, and the longer the period 
under observation the greater the risk of death 
For each patient was calculated the chance of dying 
during the period of observation if he or she had the 
same death risk as prevailed for persons of like 
age and sex in the general population as listed in the 
Life Table for Scotland for 1931 The period of 
risk for sun ivors was taken as the time since the 
first examination and for deceased patients as the 
period from the first examination until death The 
sum of the figures for all the patients in a group 
gives the number of ‘ expected deaths ’ The data 
are shown in Table V 

It will be seen that there were 5 deaths in surgical 
cases, against the expectation of about I 1 ind 7 
in medical cases against the expectation of about 
1 3 deaths This indicates that the death rates for 
persons with benign essential hypertension seeking 
hospital adv ice is about 5 times that prevailing in the 
population as a whole, and there is no evidence on 
these small numbers, of any difference between 
medical and surgical cases 

The Mortalitv Rate in Malicnwt 

Ha PERTENSION 

Of the original medical group of 20 milignint 
hypertensive patients 2 were unsuitable for in 
elusion in the statistical analysis one heme a third 
class comparison already discarded and the other 
dying a few days after admission to hospital There 
remains for consideration the 10 surgicil patients 
of whom 5 died and 18 medical patients of whom 
17 died At first sight this suggests a strong reeom 
mcndation of surgical treatment hut further detail 
is necessary to ensure that the groups are comp ir ible 
All the cases surgically treated were regarded as 
suitable for operation bv both physicians and 
surgeons with the exception of one patient a woman 
who had been in congestive heart fulure prior to 
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TABLE V 

Deaths ns Patients with Benign Hypertension* 


Group | 

Surgical cases 

Medical cases 

No of 
patients 

Deaths 

No of 
patients 

Deaths 

'Expected | 

Observed j 

Expected j 

Observed 

1 

2 

3 A 

3 B 

4 

3 

5 

6 

2 

2 

0-07 ! 

0 29 

0 19 

0-02 
'■ 004 

Males 

\ 

0 

0 

0 

0 

3 | 

3 1 

2 

3 

2 

f 0 06 I 0 

0 08 2 

0-04 0 

0 09 | 0 

0 03 j 1 

All male 

1 18 

1 0 61 | l , 

Females 

13 

t 031 | 3 


1 A 

1 B 

1 C 

2 A 

2 B 

2 C 

3 A 

3 B 

4 

3 

1 

3 

2 

, 4 

7 

3 

3 

1 

004 

0-01 

009 

0 02 

008 

0 16 

0 06 

0-05 

0 02 

0 

0 

0 

' 0 
i 1 

; 2 

i 

„ °o 

4 

6 

5 

2 

4 

5 

7 

4 

0 07 

023 

0 16 

0 05 
-0 07 

0 12 

0 08 

023 

004 

0 

0 

1 

0 

0 

0 

1 

0 

2 

All female 
Total 

27 

45 

051 

1 12 

4 

5 

42 

55 

1 02 

1 33 

1 

4 

7 


* Bv comparing the expected deathsnvith the observed, the death rate in benign hypertension is approximately five 
times that prevailing in the population as a whole There is no significant difference between our two groups of 
medically and surgically treated patients 


admission to hospital In this case the surgeons v\ ere 
reluctant but were finally persuaded to intervene 
The medically treated cases were graded m three 
categories (A) where there was no contraindication 
to surgical treatment, (B) where the physicians 
thought operation justifiable although one criterion 
fell short of the desirable level, and (C) cases where 
neither physicians nor surgeons would advise 
operation, that is with severe renal or cardiac failure 
or both combined 

The surgical cases described above fell into cate- 
gory (A) with the exception of the one stated, who 
was graded (B) Details of the cases in these surgical 

and medical categories are given m Table VI 
It will be seen that of the 9 surgical (A) cases, 

5 died after an average period of 13 months and 
4 ha\e lived for an average of 26 months after being 
first treated There are 5 medical (A) cases all of 
whom died after an average interval of 5 months 
The onl> surgical (B) case has not died after an 
interval of 14 months, out of 9 medical (B) cases, 
t> died after an average of 1 8 months, and one has 
survived for the short period of 3 5 months The 
4 medical (C) cases died after an average interval of 
1 3 months 


The only valid control for the main body of 
surgical malignant cases is the (A) group of medical 
patients As far as' they go the comparative, death 
rates m (A) and (B) categories appear to favour 
surgical treatment The data however are insuffi- 
cient for a definite decision The physicians in 
charge of the medical (A) cases are of the opinion, 
on clinical grounds, that these patients would have 
lived longer had they been treated surgically, but 
for statistical purposes a much larger series of 
malignant cases is required It seems unlikely 
that this will be obtained m cases fit enough for 
operation, because this will not be refused in future 
merely in order to provide a control group But 
there is a prospect of an entirely ethical future 
experiment In the (B) cases, where the physicians 
believe operation would be beneficial and the 
surgeons regard it as too hazardous, the opinion of 
the surgeons has hitherto usually prevailed If it 
Could be agreed that in future half these cases, 
chosen by a random process, could be operated on, 
and the other half kept as controls, decisive informa- 
tion about the value of operation m the most 
severe cases might be forthcoming Since m the 
absence of surgical treatment these patients have an 
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Surgical 
(9 cases) 


Medical 
(5 cases) 


TABLE VI 

P£ATHS ™ Patents with Malignant Hykrunsion 


(A) No contraindication to surgical treatment 


Group Sex 


S A 
5 B 
SC 
5 A 
5 A 

5 cases 

5 A 
5 A 
5 B 
5 A 
5 A 

5 cases 


M- 

M 

M 

F 

F 


M 

M 

M 

F 

F 


Died 

Age 

46 

61 

45 

36 

45 


Months lived 

9 
10 
5 

135 
29 


40 

44 

60 

57 

31 


Mean 13 3 

1 

2 

6 

12 

5 

Mean 5 2 


Survived 


Group 

Sex 

Age 

Months observed 

5 A 

M 

44 

IS 

5 A 

M 

47 

50 

5 A 

F 

45 

22 

5 A 

F 

45 

14 

4 cases 

*" 


Mean 26 0 


(B) One criterion against surgical treatment 



Group 


Died 



Survived 


Sex 

Age 

Months lived 

Group 

Sex 

Age 

Months observed 

Surgical 
(1 case) 




“ 

5 B 

F 

44 

14 

Medical 

5 A 

M 

49 

5 

5 C 

M 

56 

35 ' 

(9 cases) 

5 A 

M 

50 

2 


5 A 

M 

66 

05 






5 A 

M 

54 

1 






5B 

M 

53 

I 






5 C 

M 

64 

3 





- 

5 A 

F 

48 

1 






5 B 

F 

49 

1 






8 cases 



Mean I 8 j 

1 case 



35 




(C) Scivrc cardiac or renal failure 





Group 

Sex 

Age 

Months lived 


No surgical cases 




1 

I 

1 





Medical 

5 A 

M 

51 

03 1 





(4 cases) 

5 C 

M 

53 

05 l 






5 C 

M 

48 

3 






5 B 

F 

56 

15 1 






4 cases 



Mean 1 3 






average expectation of life of less than two months, 
no harm can be done by operation, and possibly 
some good to the patients, as well as providing an 
advance in knowledge 

In malignant hypertension surgical treatment 
seems to lead to greater well-being in surviving 
patients on a larger scale than would be deduced 


from the concomitant small remission of objective 
findings There* arc indications, falling short 
however of statistical significance that the risk of 
death may be lowered by operation Valuable 
evidence could probably be obtained if operation 
were performed on alternate cases for which physi- 
cians recommend operation and surgeons disaercv 
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Summary and Conclusion's 
One hundred and fifty-one patients, suffering from 
essential hypertension, form the basis of the present 
study They have been carefully investigated and 
their progress observed over a number of years 
For comparative purposes they have been divided 
into two groups The first, numbering 96 patients, 
received purely medical treatment— rest and seda- 
tion The second group, composed of 55 patients, 
was submitted to sympathectomy 

Largely as a result of changing standards regarding 
the indications for surgical inters ention and with 
widening experience of the procedure over the past 
nine years, it has been possible retrospectively to 
match our surgical group in their pre-operative state 
with a corresponding senes of medical cases in whom 
for one reason or another surgery wa s not employed 

By subdividing the medical and surgical cases into 
smaller categones alike in sex, age, retinal state, 
cardiac and renal function, and diastolic blood 
pressure, as determined before the start of therapy, 
accurate companson was facilitated and the findings 
observed a year later in each group reassessed The 
results thus obtained have been submitted to stati- 
stical analysis For a variety of reasons 22 medical 
cases were found unsuitable for companson and were 
discarded 

The statistical investigation indicates that in 
benign hypertension at the end of one year and also 
at the third anniversary of surgical treatment the 
sympathectomized patients expenence a greater 
relief of symptoms than corresponding medical 
groups Almost all in the surgical group were able 
to work and many were free from symptoms 


By the end of a year the diastolic blood pressure 
showed on the average a fall of approximately 
8 mm Hg in the surgical group, whereas amongst 
those patients treated exclusively by medical 
measures it had tended to rise by about an avbragc 
of 8 mm after the same length of time In the 
surgical group there was also a slight improvement 
in the retinal grade In this respect the medical 
cases showed no change 

The general conclusion is that when our two 
groups are compared those patients who receive 
surgical treatment for their benign hypertension arc 
subjectively considerably better than those treated 
medically There is less change in the level of the 
diastolic pressure 

The death rate for persons whose symptoms of 
so-called benign hypertension lead them to seek help 
in the hospital is about five times that prevailing in 
the population as a whole From our small num- 
bers submitted to analysis there is no evidence of 
any difference m the mortality rates in the two 
groups of medically and surgically treated 
patients 

In malignant hypertension, the data available from 
a comparatively small number of patients — 30 in 
all — suggest that surgery leads to greater well-being 
in survivors, but a much larger senes is required if 
statistical proof is to be obtained 

We -gladly express our warmest thanks to our surgical 
colleagues. Prof Norman Dolt, Prof Sir James Lear- 
month, and Mr George Alexander, who by their generous 
cooperation have made the present investigations possible 
Dr Sven Hammarstrom of Stockholm has kindly placed 
some as yet unpublished observations at our disposal 
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SOCIETE EUROPEENNE DE CARDIOLOGIE 


_ Thc following communication from the Societe 
Europeenne de Cardiologie (European Cardio- 
logical Society) is printed for the information of the 
'members of the British Cardiac Society It has not 
yet been considered by the British Cardiac Society 
or by its Council and its publication is for informa- 
tion and must not be taken as meaning that the 
details have been accepted 

Le 29 janvier 1949 se sont reums a Buxelles des 
cardiologues, representant quatorze nations euro- 
pSennes, dans le But de constituer la Societe 
Europeenne de Cardiologie 

Les statuts provisoires suivants ont etc adoptes 

(1) La Societe Europeenne de Cardiologie se pro- 
pose do grouper les cardiologues de toutes les 
nations d’Europe 

(2) La Societe Europeenne de Cardiologie a pour 
but de contnbuer au developpement de la cardio- 
logjeAde favonser la collaboration scientifique, 
d’aider aux rapprochements personnels Dans le 
domaine de la pratique cardiolOgique la Society 
Europeenne de Cardiologie peut etre amenee & 
donner des directives d’ordre moral 

(3) La direction de la Societe sera assuree par 

(a) Un Bureau compose d un President d hon 
neur, d un President, de trois Vice-Presidents, d un 
Secretaire general et d’un Tresorier 

( b ) Un Comite constitutif compose des delegues 
officiels reums a Bruxelles a 1 assembiee con- 
stitutive Ce Comite pourra etre elargi ult£rieure- 
ment 


(4) Une reunion du Bureau ct du Comitc con 
stitutif aura lieu au moms tous les deu\ ans 
Toutefois, le President a pouvoir de prendre toutc 
decision d urgence pourvu qu il ait recucilli I appro- 
bation eente de la majontc des membres du Comitc 
constitutif 

(5) La Societe comprendra des membres titulaires, 
correspondants et honoraires 

(6) Tout cardiologue curopdcn peut faire partic de 
la Societe pour autant que sa candidature ait etc 
parrainde par la Societe a laquellc il apparticnt, a 
son defaut par son ddlegue national, a son defaut 
par un membre du Comitd constitutif 

(7) Pour entretenir les rapports entre les membres 

et ctendre 1 action de la Socictd Europdcnne de 
Cardiologie, Ic Comitd orgamscra, cn principc tous 
les deux ans, un Congrds II s mtercallera entre les 
rdunions de I’Association Pan Amcricainc de Car- 
diologie \ 

(8) Le Bureau ct le Comitc constitutif ont 
1’autonsation de chercher les appuis financiers 
ndcessaires pour subvenir aux nctivitcs courantcs, 
pour organiser des reunions scicntifiqucs, etc 

(9) Le nouveau groupement devn, cn temps 
voulu, avec la Socictd Pan Amdricainc de Car 
diologic, former la Societe Internationale de 
Cardiologie 

(10) Toutc question non envisagee dans as 
statuts sera traitcc dans Ic rcglcmcnt d ordre 
interieur 

Bruxelles It 29 janvicr 1949 


EUROPAN CARDIOLOGICAL SOCIETY 


On January 29, 1949, a meeting took- place at 
Brussels between delegates of fourteen European 
countries in order to constitute a European Cardio- 
logical Society 

The following provisional bi-taws have been 
agreed 

(1) The European Cardiological Society proposes 
to group the cardiologists of all the European 

nations _ , , . 

(2) The aims of the European Cardiological 
Society are to foster the development of cardiology, 
to further scientific exchanges and to help personal 
contacts of those working in this speciality The 


European Cardiological Society may also be called 
upon to give moral directives in the sphere of prac 
tical cardiology 

(3) The administration or thc Society will be 
entrusted to 

(a) A Council consisting of an Honorary Prcsi 
dent, a President, three Vice Presidents a General 
Secretary and a Treasurer, 

(b) A Constitutive Committee consisting of the 
official delegates present at the constitutive Assembly 
in Brussels This Constitutive Committee nny he 
enlarged at a later date 

(4) A meeting of thc Council and thc Constitutive 
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Committee will take place at least biennially In 
case of emergency, however, the President has 
authority to take the necessary decisions without a 
meeting, providing he has obtained the written 
agreement of -the majority of the Constitute c 
Committee 

(5) ~ The Society will consist of active members, 
corresponding members, and honorary' members 

(6) Membership of the Society is open to all 
European cardiologists providing their admission is 
recommended by the Society to which they belong 
or by their national delegate or by a member of the 
Constitutive Committee 

(7) It is suggested that, if possible, a biennial 
Congress will be organized in order to maintain 
close collaboration between the members and 
enlarge the Society’s activities These Congresses 
Will be held at intervals between those of the Pan- 
American Cardiological Association 

(8) The Council and the Constitutive Com- 
mittee of the Society have authority to seek financial 
assistance to cover the necessary expenditure 
inherent to current activities, the organization of 
scientific meetings, and any -other purposes decided 
by Committee 

_ (9) The new Society will, in due course, together 
with the Pan-American Cardiological Society, form 
the International Cardiological Society 

(10) All matters not dealt with in the present 
B)-Lans will be subject to Regulations 

Brussels, January 29, 1949, 


Great Britain 
(s ) D Evan Bedford 
Belgium 

(s ) Pierre Rylant, 

Francois van Dooren 

Denmark 
(s ) Kaj Larsen 
Spdth 

(s ) Antonio Crespo-Alvarez 
Trias de Bes 
Finland 

(s ) Pentti H MjONEN 


Holland 
(s) Formijne 
Ital '} 

(s ) Camielo Colombi 


Non t oi 

(s ) Hakon Rasmussen 
Portugal 

(s ) Eduardo Coeiilo 
Sweden 

(s) Gustav Nylin, 
Gunnar Biorck 


France 

(s ) Charles Laubri_, 
Jean Lenegre 

Greece 

(s) Demosthene 
Papapanav otou 


Sn itzcrland 
(s ) Ivan Mahalm 

Jugoslav ta 

(s ) Cedonil Plavsic 


The prousional Council of the European Cardio- 
logical Society is constituted as follows 
Honorary President 

Professor Charles Laubry (France) 

President 

Professor Gustav Nylin (Sweden) 

Vice-Presidents 

Doctor D Evan Bedford (Great Britain) 

Professor Jean Lenegre (France) 

Professor Eduardo Coehlo (Portugal) 

General Secretary 

Doctor Francois van Dooren (Belgium) 
Treasurer 

Doctor Ivan Mahaim (Switzerland) 
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Cholesterol and Myocardial Infarcts H Lauberte and 
M Vachon Laml me'd , 13, 294-302, March, 194S 
Cardiac infarction may occur in a young man or woman, 
in whom there is no evidence of syphilis or hypertension 
The authors discuss 39 such cases in patients \arymg in 
age from 28 to 47, 1 1 of whom were women and 28 men, 
and m which the ultimate cause of the infarct was thought 
to be fatty deposits in the small arteries due to a raised 
blood cholesterol In hereditary xanthomatosis there is 
a disturbance of the lipid metabolism, and, although fatt> 
deposits in skin and mucous membrane are not always 
seen, abdominal angina and infarcts sometimes occur, 
there is always a raised blood-cholesterol in such cases 
Jn 7 cases of cardiac infarction, the only common factor 
was a high level of cholesterol in the blood In only 2 
cases was-necropsy possible in both there was an exten 
sive infarct of the left ventricle, the arteries being stuffed 
with yellow plaques with little sign of fibrosis All 
patients had a normal blood pressure, and most had had 
previous attacks of prsecordial or abdominal pain The 
- authors conclude that the sterols play an important, 
perhaps a primary, role in the causation of arterial 
occlusion TEC Earl) 


Clinical Features in Coarctation of the Aorta A Renew of 
96 Cases N A 'Christensen and E A Hines 
Proc Mayo Clin , 23, 339-342, July 21, 1948 


revealed no abnormality and this posstbily accounts for 
the absence of severe hypertensive disease Important 
features in establishing the diagnosis were found to be 
(1) characteristic differences in arterial pulsations and in 
direct and indirect blood pressure readings between the 
upper and lower limbs (2) evidence of well developed 
collateral circulation (3) nb notching in the presence of 
one or more cardiac or cardiovascular murmurs 

H E Holton; 

The Treatment of Angina Pectoris with PropvJfhlounicil 
G Hollander and H Mandelbaum Ann intern 
Med , 28, 1150-1156, June 1948 

Ten patients with angina pectoris and hvpertension 
were treated with propy lthiouracil in the Jewish Hospital 
Brooklyn, N Y Initially a dose of from 50 to 100 nig 
was given daily this was increased to i maximum of 
200 mg daily Improvement took place within 8 weeks 
in 4 of these patients and 2 of them were able to resume 
work Two became progressively worse during treat 
ment No correlation could be found between the levels 
of the basal metabolic rate and improvement in symp- 
toms One case with an initial figure of — 8% became 
free from attacks when the level fell to —26% 3 more 
cases, in which the initial levels were raised improved 
while the rate was still above normal limits The blood 
cholesterol levels often did not rise as the basal metabolic 
rate fell No toxic effects on the blood were observed 


At the Mayo Ginic between 1925 and 1947 coarctation 
of the aorta was diagnosed in 119 cases Males predorru- 
- nated over females in the ratio 3 8 to 1 Only 26% or the 
patients were below 20 years of age — the period of life 
when surgery is best tolerated In 30% the condition was 
discovered incidentally high blood pressure frequently 
pointed to its presence, but only 3 patients gave a history 
of intermittent claudication Palpation of the larger 
arteries to detect differences in pulsation is more reliable 
than the smaller limb arteries Differences in arterial 
pulsation and pulse pressure in the arms may aid in 
locating the site of the coarctation In 80% there was 
evidence of collateral circulation over the scapular and 
jnterscapular regions and somewhat less frequently over 
the supraclavicular and internal mammary regions 
Cardiovascular murmurs were present in 94% the most 
frequent being a fairly loud systolic bruit over the base of 
the heart Basal diastolic murmurs were heard in 20% 
and were probably associated with valvular lesions 
In 25% there was a ray ev idence of cardiac enlargement 
and m 30% electrocardiographic evidence of left ventn 
cular preponderance Ophthalmoscopic examination 
showed general narrowing of the retinal arterioles, parti- 
cularly in the cases with hypertension but no patient had 
hypertensive retinopathy Renal function studies 


but water retention occurred in 7 patients causing 
dvspnoca and oedema of the legs C 11 C Hum 

Experiences with the Use of Heparin and Dicumarol 
in the Treatment of Coronary Thrombosis and Thrombo- 
embolic Disease J B Vanddi VrrR D S Mvksuvil 
and P T Kuo Trans Sind Coll Plus Phil t 16 
67-72, June, 1948 

The authors, working in the Pcnnysvlvama Hospital 
Philadelphia, have participated in a controlled study 
sponsored by the American Heart Association to deter 
mine the value of dicoumaro! thcrapv in coronary 
occlusion vvath mvocardial infarction There were 35 
treated cases and 51 controls Prothrombin times were 
kept so far as was possible between 30 and 31 rexomls 
control times being 13 to 15 seconds The initial dose or 
dicoumarol was 300 mg dadv for 2 or 3 days the 
maintenance dose somewhat less than 100 mg daib 
treatment was continued for about a month Among the 
controls thrombo-cmbolic complications occurred in 
12 patients 9 of whom died there were also 9 deaths 
from other causes In the treated cases thrombo- 
embolic complications occurred in 6 with a fatal ending 
in 2 there was 1 other death 
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The results of a preliminary ana!>sts of the first 800 
cases of cardiac infarction treated with dicoumarol 
which were collected by a special committee of the 
American Heart Association are also given The death 
rate in the controls was 23%, in dicoumarol-treatcd cases 
13% Thrombo-embohc ~ complications occurred in 
19% °f the untreated and m 9% of the treated patients 
Hemorrhagic manifestations of one type or another 
were encountered in 4% of the controls and in 11% of 
the treated cases, but serious hemorrhage was rare 
The value of anticoagulants m the treatment of 
simple phlebothrombosis or thrombophlebitis is again 
stressed In 23 untreated cases there were 9 deaths in 
30 cases treated by venous ligation, 3 deaths, in 49 cases 
treated with heparin and dicoumarol there was only 1 
death It is admitted that selection of cases was weighted 
against the controls Paul Wood 


Left Vocal Cord Paralysis Associated with Cardiac 
Disease. D A Dolowttz and C S Lewis Amer 
J Med 4 856-862, June, 1948 
The literature on the mechanism of paralysis of the left 
recurrent larvngeal nerve in cases with cardiac enlarge- 
ment is reviewed, and 2 personal cases are described 
One patient had mitral and aortic valvular disease with 
marked enlargement of the left auncle, the other had 
atrial septal defect, possibly with mitral stenosis (Lutem- 
bacbers syndrome) and greatly enlarged pulmonary 
conus The area bounded by the aortic arch superiorly, 
the pulmonary arterv infenorlj, and the ligamentum 
artenosum medially was carefully examined in 5 fresh and 
22 fixed cadavers, and a group of three to four lateral 
tracheo-bronchial ly mph nodes was constantly found in 
close proximity to the left recurrent nerve It is pointed 
out that these lymph nodes may effectively compress the 
nerve when accompanied by cardiac hypertrophy, en- 
gorgement of the pulmonary artery, or both A Scholl 


to reflect physiological variations The sources of error 
in it arc discussed, the chief being recirculation of blood 
(containing dye) during the determination 

R A Gregor} 


The Phenomenon or Skin Hyperalgesia In Angina Pectoris 
E V Levinson A/m Med Mosk , 26, No 9, 47-55, 
1948 

In 145 patients with anginal pain areas of cutaneous 
hyperalgesia were repeatedly mapped out with a view to 
evaluating their diagnostic significance and their relation 
to the results of treatment Cutaneous hyperalgesia was 
most commonly present in the C2 to C4 and D1 to D5 
dermatomes, rarely in the C5 to C7 and D6 dermatomes 
These zones were not static in any one patient but were 
liable to change if the irradiation of the pain changed 
They were always present in patients whose attacks were 
frequent or prolonged, but were only found in 79 „ of 
the whole senes When patients were tested within 3 
days of an attack, areas of hyperalgesia were present in 
93%. Their disappearance is considered to be a valuable 
index to the success of treatment S S B Glider 


Studies on the Blood Flow in the Extremities in Cases of 
Coarctation of the Aorta Determinations Before and 
After Excision or the Coarctatc Region K G WakiM, 
O Slaughter, and O T Clagett Proc Ma\o 
Clin , 23, 347-351, July 21, 1948 

PJethysmographic measurements or the blood flow to 
the arm and leg in 14 normal persons at rest and 14 
patients with aoruc coarctation revealed no significant 
difference between the two groups, and in 9 cases no 
change in blood flow followed surgical removal of the 
coarctation H E Holltng 


Comparison or the Fick and Dye Injection Methods of 
Measuring the Cardiac Output in Man. W F 
Hamilton, R L. Riley, A _M Am ah A Cournand 
D M Fowell, A Himmelstein, R. P Noble, J W 
Remington D \V Richards, N C Wheeler, and 
A C Witham An ter J Physiol 153, 309-321, 
May, 1948 2figs,17refs ' 


ardiac output can be determined from the tim 
concentration curve in arterial blood (obtained fro 
pi serial samples) of a dye injected rapidly into a vei 
15 ani * ,C dlrcct method (cardiac cathetenzatio 
m r % com P ared ln 48 almost simultaneous determinate 
dunnn i mcIu dmg normal subjects at rest a: 

from 6 ' &hl and heavy c *ercise and patients suffen 
emdio- respiratory disease at rest and dun 
SS or n , , ^ t L VCr u ClS ' Th ' c technique of determ.iu 

in detod TKph* th f dye lnjcctlon method 13 desent 
ri „,. r U results agreed within 25% in all bul 

line of 'identity distribution of results about i 

' a *” y symmetrical, so that the averages 

"itSmXrtr 1 ' dCm,ra ' ^ d >e 

p d performance and its nature is more ; 


The Relationship of Retinal Hemorrhages in Hypertensive 
_ Patients to Cerebral Hemorrhage A Comparison of 
the Retinal Picture in Hypertensive Individuals who Died 
of Heart Failure with those who Suffered a Cerebral 
-Hemorrhage L A, Soloff and C T Bello Amer 
J med Sc i , 215 660-664, June, 1948 

Cerebral hemorrhage is the cause of death m neatly 
one-third of hypertensive individuals The final mechan- 
ism of the hemorrhage is ill understood It lias been 
ascribed to the development of miliaiy aneurysms, to 
ischemia of brain tissue and weakening of support for 
the blood vessels, to disease and rupture of the walls of 
veins and, more recently, to capillary weakness The 
latter factor has been associated with the occurrence of 
retinal hemorrhage 

On a re investigation, retinal hemorrhages were found 
to have been present in 5 out of 17 patients who had had a 
cerebral hemorrhage retinal hemorrhage was present 
in 14 out of 18 patients with hypertension who died of 
cardiac failure without cerebral hemorrhage Retinal 
hemorrhages occurred more frequently in patients with 
large areas of ‘ spasm of the retinal arteries than in 
subjects with marked thickening of these vessels It is 
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concluded that retinal hsmorrhages cannot be used as a 
prognostic sign of future cerebral hemorrhage 

J MeMichael 


True Aneurysms of the Mitral Valve in Subacute Bacterial 
Endocarditis. O Saphir and E P Leroy Amer J 
Path , 24 83-95, Jan , 1948 

Mycotic aneurysms of the mitral valve were found in 
5 out of 12 -cases of subacute bacterial endocarditis 
treated with sulphonamide preparations, heparin or 
penicillin These cases were observed between 1943 and 
1946 the authors were unable to find an example of 
mycotic aneurysm formation in 41 cases of subacute 
bacterial endocardiUs seen between 1935 and 1943 
Rupture of the aneurysm occurred in 4 cases, and the 
increased incompetence of the mitral valve may have 
contributed to death The aneurysms probably arise in 
areas of granulation tissue situated in the substance of 
the valve The authors suggest that the aneurysms 
represent attempts at healing of the endocarditis, perhaps 
as a result of the increasing use of chemotherapeutic 
agents in recent years PHD Short 

The Action of Neostigmine in Supravenfncular Tachy- 
cardias S Waldman and L Pelner Ann intern 
Med, 29, 53-63, July, 1948 

The action of neostigmine methylsulphate (or ‘ prostig- 
min ) on sinus tachycardia and auricular and nodal 
paroxysmal tachycardias is discussed, the paper includes 
case notes and electrocardiograms of 5 patients The 
tracings demonstrate the slowing of sinus tachycardias 
with rates of about 130 per minute to about 80 per mmute 
within about 20 minutes of the injection of 1 mg of 
neostigmine, and the restoration of normal rhythm in 
a case of auricular tachycardia and in one of nodal 
tachycardia 5 minutes after injection Immediately on 
the return of sinus rhythm the P-R interval is prolonged 
but becomes normal within a few minutes In another 
case of auricular tachycardia the abnormal rhythm 
persisted after the injection, but there was an immediate 
and progressive effect on A-V conduction so that 33 
minutes after the injection there was 3 14 1 A-V 

block Two days later normal rhythm was recorded 
The influence of neostigmine on these types of tachy 
cardia is Believed to be due to its action on the myoneural 
junctions of parasympathetic vagus fibres in the S A 
and A-V nodes and in auricular muscle The drug 
augments vagus activity at these sites by inhibiting the 
action of cholinesterase If these tachycardias result 
from the action of sympathomimetic amines on the 
heart, the use of the parasympathomimetic drug neostig- 
mine is rational therapy S H Cookson 

Continued Hypertension Prognosis for Surgically 
Treated Patients R. H Smithwick Brit med J 
2,237-243, July 31, 1948 

It is necessary to turn to the U.S A for anv large senes 
of patients treated surgically for hypertension the 
author desenbes his second senes in this paper Inc 


operations were performed in Boston Massachusetts, 
and the author s own lumbo-sacral technique was cm 
ployed All of the 256 patients were suffenng from 
continuous essential or malignant hypertension and had 
been operated upon at least 5 and at the most 91 vears 
previously 

The state of the cardiovascular system was evaluated 
before and after operation with particular reference to the 
cerebral, reUnal cardiac and renal areas Intravenous 
pyelography was earned out as a routine, and the blood 
pressure data were so far as possible obtained in a 
standard fashion Male patients comprised 39 4% and 
females 60 6% of the senes The total mortality dunng 
the 5 to 9 year penod of observation was 31% the 
mortality among males being 34% and among females 
29% The causes of death were cerebral, cardiac renal 
and miscellaneous, in that order with a heavy preponder 
ance in the very young and the older age groups The 
prognosis became poorer as the degree of eyeground 
abnormality increased and the same applied to the 
cardiovascular findings The presence of arteriosclerosis 
was associated with a particularly poor prognosis It 
had been previously noted that in a follow up period of 
1 year to 5 years the blood pressure levels were lowered 
significantly in the majority of unselcctcd patients but 
in the period of 5 to 9 years this lowering is not main 
tamed and there has been a return of the pressure to 
pre operative levels in 44% of cases There was cvi 
dence, however, of the slowing up of the rate of progress 
of cardiovascular disease, and this may prove to be a very 
important accomplishment Comparison with medical 
treatment is made as much as possible but the major 
handicap is the absence of reliable and adequate medical 
statistics Such comparisons as can be made at this time 
while admittedly inadequate, suggest that surgical treat 
ment has favourably altered the prognosis in many cases 
of continued hypertension and cardiovascular disease 

H T Simmons 


Asynchronous Activity of the Dog’s Heart After Section of 
the Right Branch of the Bundle of His A I Smirnov 
Arkh Paw ! 10 No 3,7-13 May-June 194S 
The influence of section or the right branch of the bundle 
of His on the action of the heart was observed over 
a period of 6 years in a dog Dunng the first days 
after the operation a reduplicated first heart sound 
became audible at the apex Three weeks later a systolic 
murmur became audible over the whole thorax This 
murmur disappeared just before the death of the dog 
Six weeks after the operation atypical Ixvocardiograms 
were present in leads II and HI indicating that the right 
bundle of His had been severed Repeated X ray 
examination showed a gradual dilatation of the right 
ventricle Changes in the electrocardiogram developed 
slowly after the operation Dunng the last days before 
the d’og died of heart failure a marked (edema and 
ascites developed Post mortem examination sho ved 
that the ncht branch of the bundle of His bad been 
correctly cut and that its ends had not united again 
Hypertrophy and degeneration of the right myocardium 
and a relative tricuspid incompetence were found The 
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compensation of the right ventricle (hypertrophy and 
dilatation) had succeeded m maintaining normal circula- 
tion over a period of 4 years This compensation, 
however, failed after 6 >ears causing death of the 
animal No synchronous rhythm with the left ventricle 
occurred during the 6 years after the operation 

J Flaks 


Serum Protein in Cardiac Patients G Biorck S 
Hedlund, J Karnell, and H Karm Word Med , 
38, 1179-1182, June 11, 1948 
The authors report the results of serum protein estima- 
tions on 147 hospital patients with various forms of heart 
disease Globulin is rarely reduced but albumin is in 
two-thirds of the cases especially if there is heart failure, 
oedema, or evidence of liver disease as shown bv the other 
usual tests Owing, however, to the multiplied of 
factors governing the concentration of protein in the 
blood (absorpuon, utilization, synthesis dilution and 
loss) and the fact that most of these factors are affected 
in some way by cardiac decompensation, interpretation is 
very difficult 

In recoveiy from heart failure the albumin content 
increases as does also the erythrocyte sedimentation rate 
possibly due to a rapid increase in fibrinogen These 
increases are thought to be due to improvement in liver 
function and appear to be little related to diet, though the 
authors recommend use of protein hydrolysates The) 
admit however that no increase in the serum proteins 
ma> be detectable while decompensation persists and 
stress the importance of not giving hvdrolysates, which 
contain an appreciable amount of salt' 

A M M Wdson 


Serum Cholesterol Values In Cardiac Patients G Biorck 
andH Karm AW Med 38 1175-1179 June 11 
1948 

The authors discuss the value of cholesterol estimations 
in patients with heart disease based on the estimations 
earned out on 314 patients in the cardiac chmc of the 
Sddersjukhus m Stockholm Sackett s modification of 
Bloor s method was used 

The values vaned considered) within an age group or 
disease group and even in the same patient at different 
times but on the whole values were higher in women 
than in men in old people than in young ones, and in 
patients with cardiac sclerosis than in those' with other 
tvpcs of heart disease The level tended to fall after 
admission to the ward irrespective of the diagnosis 
m agreement with Josephson 

almost i ^ a 3 u t ' lat a sul ^ e estimation is 

almost useless and that though repeated ones ma) be 

lagnostic assistance in cases ofliver disease essential 

hipcrchdesteroljem.a and , hired dtsease the^re o 

A M M Wilson 

C Tre^ rtC H T1 ’v\ 0m r S1S RePOrt ° f Eigbt ^ due “ 

srsst^siJL j 948 hadden 

TV authors desenbe S cases of carotid artery thrum 


hosts seen m a military hospital in 1945 The thrombosis 
was due to trauma of the common carotid following 
penetrating wounds of the neck Patients were usually 
comatose on admission to hospital with changes in the 
pupil reactions on the affected side and signs of hemi- 
plegia on the other Absence of pulsation over the tem- 
poral artery from involvement of the external carotid 
was found to be a valuable confirmatory sign One 
patient recovered after heparin was administered the 
remainder died There were 5 necropsies in 1 case the 
thrombus had extended as far as the circle of Willis m 
2 cases major cerebral vessels were blocked bv emboli 
The authors consider that this condition may be more 
common in war surgery than has been supposed 

C IP C Bam 


Chronic Infection and Atherosclerosis Some Additional 
Experimental Data N W Jones and A L Rogers 
Arch Path 45, 271-277, March 1948 
There is some clinical and experimental evidence that 
chronic infections, especially of the gall-bladder and para- 
nasal sinuses, mav play a part in the causation of athero- 
sclerosis and associated heart failure Micro-organisms 
were found in sections of the thickened thrombosed small 
arteries of chronically hyperplastic sinus tissues removed 
at operation Similar organisms were sometimes 
demonstrated in sections of thrombosed coronary arteries 
from patients dying of acute coronarv thrombosis 
Micro-organisms introduced into the paranasal sinuses 
or paralaryngeal lymph nodes of cats could be demon- 
strated in the walls of the aorta and coronary arteries 
Trypan-blue granules introduced into the paralanngeal 
lvmph nodes w ere demonstrated in phagocy tic cells w ithin 
the walls of the aorta and coronary arteries 

Martir H\nes 


Effect of Choline in the Prevention of Experimental 
Aortic Atherosclerosis A Steiver Arch Path 45 
327-332 March, 1948 

Rabbits were given 1 g of cholesterol with their food 
three times weekly A well-controlled experiment 
showed that the addition to the diet of 0 5 or 1 g of 
choline hydrochloride dailv delaved the development of 
atherosclerosis for 80 davs or more The effect was 
greater with the larger dose of choline Hyperihol- 
esterotemia was equal in the control animals and in those 
receiving choline Marlin Hines 


Vitamin E in Heart Disease. H Levy and E P Boas 
Ann intern Med, 28 1117-1124 June, 1948 

Vitamin E (a-tocopherol) was given without benefit to 
13 patients suffering from heart disease with relatively 
fixed symptoms The senes comprised cases of angina 
pectoris and cardiac failure due to coronary disease or 
rheumatic valvular disease The drug was given in 
doses varying between 200 and S00 mg daily and ad- 
ministration was continued for from 7 to 12 weeks In 
one case of angina pectons there was a temporary 
improvement for the first tw o weeks, but the attacks then 
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continued at their former frequency In no other case was 
the number of anginal attacks affected, nor did any of the 
signs abate in those with cardiac failure The authors 
conclude that the use of vitamin E in heart disease is not 
warranted c jj' C Bom 


The Effect of Dicwnnrol on the Heart In Experimental 
Acute-Coronary Occlusion H L Blumgart, A S 
Frehdbero, P M Zoll, H D Lewis, and S Wessler 
Amer Heart J , 36, 13-27, July, 1948 

The administration of dicoumarol does not retard the 
healing process or the development of collateral circula- 
tion in dogs with experimentally produced myocardial 
infarction J? t Grant 


Coronarv Deaths in “Health! ’’ Young Soldiers A 
Cllmcopathologlc Study N E Reich Amer 
Practit , Philo , 2, 731-747, July, 1948 

Coronary artery disease as a cause of death in young 
subjects received little attention until the war of 1939-45 
The present article deals with findings in 11 “healthy ” 
soldiers ranging in age from 22 to 38 years who died 
from coronary artery disease These men had been 
subjected to frequent medical examination, but the results 
were negative In 7 over-weight was thought to be a 
predisposing factor, the effects of alcohol and tobacco 
were considered to be negligible The symptoms were 
generally atypical in those patients surviving more than 
an hour Pam was present in the epigastrium, left chest, 
or preecordium Usually it did not radiate although jn 
one case there was continuous pain in the jaw for 3 
days and in another left shoulder pain Contrary to 
accepted ideas, the onset of pain was always in the waking 
hours and pain was not associated with any strenuous 
activity Six of the patients died within an hour, and 5 
lived for from 2 to 33 days At necropsy half of the 
cases showed significant cardiac hypertrophy Severe 
coronary sclerosis was present in 6 of 8 cases with actual 
thrombosis, and was moderate in 2 others Two 
patients had sclerosis without thrombosis and in one 
there was a coronary embolism with arteritis and septic 
thrombosis of the smaller coronary branches 

James I V Broun 


Excessive Hypertension of Long Duration A M 
Burgess New Engl J Med 239, 75-79, July 15 
1948 


Prom patients seen in private consultation since 1914, 
100 consecutive patients were selected in whom hyper- 
tension (systolic pressure greater than ISO or diastolic 
pressure greater than 100) had existed for more than S 
years Of the 100 patients 32 were between 2S and 50 
years of age, 39 between 51 and 60, and the remaining 29 
between 61 and 77 The shortest duration of hyperten- 
sion was 9 years, the longest 25 years n 1947 53 
patients were dead, 30 were in good h«ihbJ7werc 
incapacitated to a greater or lesser degree m effects of 
sex, age, height of systolic and diastolic pressures had little 
effect on the actual duration of life 


This study' emphasizes the good prognosis in uneom 
plicated, benign or non progressive hypertension 

II' T Cooke 


Preoperative and Postoperative Studies of Intraradial and 
Intrafemora) Pressures w Patients mth Coarctation of 
the Aorta G E Brown, O T Clagett H B 
- Burchell, and E H Wood Proe Mom dm 23 
352-358 July 21, 1948 

Intraradial and mtrafemora 1 pulse waves were recorded 
by means of a hypodermic strain gauge manometer in a 
senes of patients with coarctation of the aorta! The 
characteristic findings were an increase m the svstolic and 
diastolic pressures in the radial artenes and a reduced 
systolic, though often with an increased diastolic pres 
sure in the femoral artery The onset of the femoral 
pulse wave is often delayed When the stenosed portion 
of the aorta was resected and an end to-end anastomosis 
earned out the findings reverted to normal, but when the 
stenosed portion was excised and the subclavian artery 
anastomosed with the distal aorta the delay in the femoral 
pulse wave disappeared though the femoral pulse pressure 
was still reduced The findings could not be correlated 
with the clinical response of the patient to the procedure 

H E HnUmg 


The Surgical Treatment of Coarctation or Ihc Aorta 
O T Clagett Proe Mayo C/m 23 359-360 July 
21 

Between 10 and 20 years of age is regarded as the most 
suitable age for operation in cases of coarctation of the 
aorta Before the age of 10 the aorta is not large 
enough for satisfactory anastomosis and it is not known 
whether the nng of scar tissue left m the aorta at the site 
of the anastomosis will increase in size as normal growth 
and development take place Above the age of 20 con 
sidcrablc vascular damage itny have occurred and good 
results cannot be expected At operation it is found 
that the length of the stenosed portion vanes consider 
ably in cases in which the two divided ends of the aorla 
could not be brought together the author has anasto 
mosed the subclavian artery to Ihc caudal end or the 
divided aorta The results of this procedure however 
have not been so good ns was hoped If C lloltmg 


The Blind Spot in Hypertension B G Towns Alin 
Med Mosk , 26 No 9 39-41 1948 
The study of the blind spot is considered to weld useful 
results m the diagnosis of carl> h)pcrtcnsion The 
author examined by campimctry 69 eyes in 1' patients 
with early hvpcr tension Some control studies were 
earned out on normal eyes In 67 of the 69 eves there 
were definite deviations from the normal which felt into 
two groups (I) significant increase in the evtent of the 
blind spot (2) irrcgulantics in its contours prolonga- 
tions taking the shape of knobs teeth and attenuated 
branches ’Ophthalmoscopic cxammalion revc ilul sonv 
changes ul the fundus in 29 cases 5 S fl Gllthr 
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Eccbymosis of the Abdominal Wall as an Early Diagnostic 
Sign of Dissecting Aneurysm of the Aorta R. Green 
and O SafhtR- Amer J med Set , 216, 24-26 July, 
1948 


In a patient in whom the findings indicated acute embolic 
occlusion of the iliac artery, the presence of ccchymosis 
of the abdominal wall suggested the diagnosis of acute 
dissecting aneurysm of the aorta This was confirmed at 
necropsy, the ccchymosis resulting from involvement of 
the deep inferior epigastric arteries T Semple 


Place of Intermittent Venous Hyperemia in the Treatment 
of Obliterative Vascular Disease M H Evoy and 
G De Takats Arch intern Med, 81, 292-300 
March, 1948 


The Role of Thebesian Drainage in the Dynamics of 
Coronary ITovr m Cases with and without Coronary 
Sclerosis P I Halonen and A Aho Acta path 
nvcrabtol scand , 25, 567-572, 1948 

Calf hearts and human hearts were perfused with saline 
and the amount of fluid reaching the various chambers 
was measured it was found that drainage into the nght 
heart by way of the vcnxThcbcsn was quite considerable, 
and this fact thus lends support to the hypothesis that a 
reversal of blood flow in these veins may transform them 
into auxiliaries to the coronary arteries whenever these 
are narrowed or occluded No difference in Thebesian 
dratnage was observed between normal hearts and those 
showing coronary sclerosis R Saint 


Intermittent venous hyperamta is indicated after jacute 
artenal occlusion if embolectomy or sympathectomy is 
not feasible or after either procedure as post-operative 
treatment, and in patients with chrome artenal occlusion 
due to artenosclerosis with and without diabetes, to 
syphilis, or to thrombo-angutis obliterans Patients 
with marked vasospasm, as in the earlier stages of 
thrpmbo-angutis, are subjected by the authors to sym- 
pathectomy before the treatment is begun The proce- 
dure is contraindicated in acute venous thrombosis, 
lymphangitis, severe artenolar obstruction, and in the 
presence of frank gangrene The treatment has been 
found useless for neuropathies, whether ischtemic or 
metabolic, causalgjc states, and sequela: of frost-bite and 
immersion foot 

A hundred ambulatory patients with intermittent 
claudication and numbness and tingling of the toes, often 
associated with angina pectoris, were studied over a 
period of one year or more, the apparatus being used at 
home, 35 showed notable improvement with the treat- 
ment and 32 slight improvement. Improvement was 
measured by noting, walking ability and venous filling 
times The rationale of the treatment is doubtful, but 
in addition to a small reactive hypenetrua a mechanical 
filling and stretching of the terminal vascular bed takes 
place during the procedure T Semple 


Dicimtarol Therapy in Acute Coronary Occlusion with 
Myocardial Infarction. M McCael. Amer J med 
Sci , 215, 612-616, June, 1948 

from a study at the Beekman Downtown Hospital, 
New York, of 71 patients with proven coronary throm- 
bosis the conclusion was reached that dicoumarol is a 
therapeutic agent of safety and value, it appears to be a 
preventive of thromboembolic phenomena in cases of 
acute coronary occlusion associated with myocardial 
n arction Prothrombin estimations are essential for 
mm i tr f py ’ kul *f m spite of these, haemorrhagic 
complications such as hsmatuna occur, they will respond 
^mtravenous administration of 60 mg. of menadione 
m? EC °, f d,coumaro1 15 3M mg. on the first day, with 

daih (w ^ accordln S to the prothrombin readings, 
dadv for three or four weeks C F WalL f 


Treatment of Angina Pectoris by Infiltration of Procaine 
Solution Around the Superior Cervical Ganglion 
K A. Dryagin Klin Med , Mosf , 26, No 5, 
23-26, May, 1948 

Infiltration of 30 ml of 0 25% procaine solution into 
the neighbourhood of the superior cervical ganglion gave 
unexpectedly good results in 24 cases of angina pectoris, 
in 19 the attack was arrested at once and m 3 pain was 
greatly relieved After 1 year, 8 out of 12 of these 
patients were still free from pain A second infiltration 
in cases of relapse was less effective No complications 
were observed S S B Gilder 


Angiocardiography in the Diagnosis of Congenital Heart 
Disease K. D Keele. Bril J Radiol ,21, 380-393, 
Aug., 1948 

The author briefly reviews the history of angiocardio- 
graphy, and describes the technique employed upon a 
number of children The patient was anaesthetized with 
cyclopropane and oxygen It was found that the best 
visualization was given by films taken in the left oblique 
position and m the supine antero-postenor position 
There were no untoward reactions The normal appear- 
ances are described and wall illustrated by fine drawings 
The author emphasizes that the cadaver appearance of 
the interior of the heart chambers is modified by the 
tendency to formation of an axial stream, by the presence - 
of blood currents, and by dilution of the contrast medium 

He describes 5 cases of congenital heart lesion These 
included 3 cases of patent ductus arteriosus, 1 accom- 
panied by complete heart block, 1 by pulmonary stenosis, 
and 1 by a patent interauncular septum In one of 
these cases the communicating channel between pul- 
monary artery and aorta was visualized directly A case 
of coarctation of the aorta is well illustrated and the 
defect m the interventricular septum in a fifth case is 
clearly shown 

In the author's view, when a lesion is present for which, 
on clmical grounds, surgery is the treatment of choice’'" 
angiocardiography is indicated, both for accurate ' 
diagnosis and to reveal any co-existing abnormalities 

A M Rackmv 
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Regulation of the Circulation in Malnutrition H 
Reindell and H Klepzig Z ges inn Med 3 
193-199, April, 1948 

Undernourished men and women of all ages generally 
have a lowered systolic and diastolic blood pressure and 
a slowed heart rate The hypotension and bradycardia 
which appear before any gross intestinal disturbance 
(such as hunger cedema), are not the result of myocardial 
damage or of a disturbed circulatory control They arc 
rather the expression of a special type of control for the 
sake of circulatory economy, and are associated with a 
diminished minute volume, a lessening of the elastic 
resistance, and an increase of the peripheral resistance 

R T Grant 


Circulatory Responses to Spinal and Caudal Anesthesia in 
Hypertension Relation to the Effect of Sympathec- 
tomy I Effect on Arterial Pressure R D Taylor, 
R Btrchall, A C Corcoran, and I H Page. 
Amer Heart J , 36, 221-225, Aug , 1948 

Observations on 43 patients before and after operation 
lead to the conclusion that the blood-pressure response 
to spinal and caudal analgesia has no more than a 
negative value in the selection of patients for 
sympathectomy R T Grant 

Circulatory Responses to Spinal and Caudal Anesthesia in 
Hypertension Relation to the EfTcct of Sympathectomy 
If Effect on Renal Function A C Corcoran, R D 
Taylor, and I H Paoe Amer Heart J 36 226- 
240, Aug, 1948 

High spinal or caudal analgesia which materially 
reduces blood pressure in hypertensive patients usually 
causes renal vasodilatation, resulting in increased renal 
blood flow and a slight decrease in glomerular filtration 
rate This is inconsistent with the view that essential 
hypertension is a compensation for increased renal 
vascular resistance The renal vascular response to 
analgesia is not a positive guide to the selection of 
patients for sympathectomy R- T Grant 

A Comparative Evaluation of Tctracthylnmmomum 
Chloride and Sodium Amytal in Patients with Hyper 
' tensive Cardiovascular Disease J G Tamaona and 
C A Poindexter Amer J tiled Aci , 215, 651-654 
June, 1948 

The effects on systolic and diastolic blood pressure of 


intravenous injection of tetrethy 1-ammonium chlonde 
and the standard sodium amytal test were compared m 
6S hypertensive subjects Injections of 2 ml (0 2 mg) 
of tetrxthyl ammonium chloride were given intravenously 
over a period of 1 to 14 minutes and the blood pressure 
was recorded until the initial level was regained The 
lowest level was reached 1 to 3 minutes after the injection, 
and a smaller secondary fall was usual about 10 minutes 
after the injection There is a parallel fill m svslolicand 
diastolic pressures In a comparison of the fall in 
the diastolic pressure in the two tesLs it wis found (hit 
the difference was less than 15 mm in 51 cases 15 to 
30 mm in 13 cases and above 30 mm in 4 cases The 
largest discrepancies occurred in cases of malignant 
hypertension, the fall usually being greater with tetrx- 
thyl ammonium chloride Reactions were not 
important, but were most noticeable in patients with 
malignant hypertension 

The authors regard the test as an advance on the sodium 
amytal test in the assessment of cases for sympathectomy 
in view of its greater convenience and on the theoretical 
grounds that tetrtethy! ammonium chloride acts bv 
blocking impulses at the sympathetic ganglia 

J W Litchfu Id 


Observations on Micro nodular Pulmonary Radiological 
Shadows Pulmonary Arterial Hypertension C 
Lalibrv J Lenegre and L Ann vs Bull Soc lin’d 
'Hup Pans 64, 741-749, June 194S 
Fine nodular shadows disseminated throughout the 
lung fields in association with mitral stenosis are 
occasionally seen on radiological examination and hive 
been described in Britain by Anglin Elkelcs, and 
Gumpcrt Five further cases are here described and 
discussed and the literature reviewed The small hard 
shadows arc characteristically most densely aggregated in 
the mid zones and there is a generalized fibre mesh 
appearance or the lung with marked hilar congestion 
The condition is seen most commonly in males between 
the ages of 20 and 40 with mitral stenosis and frequent 
hremoptyscs In one case histological examination it 
necropsy showed that the nodules consisted of masses of 
large heart failure cells full of iron pigment dumped 
together in the alveoli and their walls There was also 
much extracellular pigment It was previously thought 
that the nodules consisted merely of aggregations of 
heart failure cells due to capilliry stasis but hire the 
importance is stressed of repeated hamoptyses iml 
subsequent phagocytosis of the red blood corpuscles 

r G Situ Lwnuhn 


CARDIAC INFARCTION WITH BUNDLE BRANCH BLOCK 

BY 

W SOMERVILLE AND PAUL WOOD 

From the Institute of Cardiology, London 


Received Febn: 

When cardiac infarction is complicated by bundle 
branch block, the electrocardiogram may or may not 
show the features characteristic of myocardial 
injury Interference with conduction through the 
left branch of the bundle of Hrs usually suppresses 
pathological Q waves and other RS-T segment or 
T wave changes in the standard and unipolar limb 
leads and in chest leads, it may then be impossible 
to make a cardiographic diagnosis of cardiac 
infarction When a conduction defect involves the 
right branch, however, cardiographic signs of cardiac 
infarction can, as a rule, still be recognized (Wilson 
el a 1 , 1947) 

The association of cardiac infarction and bundle 
branch block is not uncommon (Oppenheuner and 
Rothschild, 1917, Applebaum and Nicholson, 1935, 
Comeau et al , 1938, Fischer, 1938, Master et al , 
1938, Moia and Acevedo, 1945) Since the 
majority of these reports were published, the use of 
multiple chest leads has permitted a higher degree of 
precision in the diagnosis of cardiac infarction and 
in the localization of intraventricular conduction 
defects, and it is likely that in the future the associa- 
tion of these two conditions will be diagnosed more 
frequently and with greater accuracy (Wilson et al , 
1944) The subject is of considerable importance, 
not only from the viewpoint of practical diagnosis, 
but also because cardiac infarction complicated by 
bundle branch block has a mortality almost twice as 
great as that of infarction with normal intraven- 
tricular conduction (Master et al , 1938) 

The object of this investigation was to determine 
the frequency with which the electrocardiographic 
signs of cardiac infarction could be recongized in the 
presence of bundle branch block and to discover 
what factors tended to prevent their suppression 

Material 

The electrocardiograms and case-notes that form 
the basis of this report were obtained from the 

\ 


iary 9, 1949 

records of Hammersmith Hospital, the London 
Hospital, and the National Heart Hospital The 
majority of the patients concerned, however, were 
examined and investigated by one or other of the 
writers A number of patients who had been under 
observation before the war could not be sub- 
sequently traced Follow-up studies are therefore 
incomplete 

Generally the diagnosis of cardiac infarction 
was based on a typical clinical history, when 
this was lacking, the diagnosis depended on X- 
ray evidence of ventricular aneurysm or on the 
demonstration of an infarct at necropsy Bundle 
branch block was recognized according to the 
criteria laid down by Wilson and his co-workers, 
namely — 

“ when the QRS interval measures 0 12 
second or more and the QRS complex in lead I is 
monophasic and consists of a broad, slurred, flat- 
topped or bifid deflection, left bundle branch 
block is usually present When the QRS interval 
measures 0 12 second or more and the QRS 
complex m lead I is biphasic or triphasic and ends 
with a broad, slurred or notched S deflection the 
block is usually in the right bundle When the 
heart is in the vertical position the limb leads may 
suggest that right branch block is present when 
the prcecordial curves are characteristic of left 
branch block, and vice versa When the QRS 
interval measures 0 12 second or more and the 
pracordial electrocardiogram shows some but not 
all of the features typical of right or left branch 
block the conduction defect cannot be located 
with certainty ” (Wilson et al , 1944) 

Results 

The present senes consisted of 60 cases of cardiac 
infarction and bundle branch block, and was divided 
into two groups depending on whether the electro- 
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cardiogram revealed evidence of both cardiac 
infarction and bundle branch block, or of bundle 
branch block only The composition of the two 
groups is presented m Table I 
The mam features of the 41 cases showing cardio- 
graphic evidence of both cardiac infarction and 
bundle branch block are set down in Table II 

Cardiac Infarction and Left Bundle Branch 
Block 

There were 33 cases with a clinical history of 
cardiac infarction and an electrocardiogram showing 
left bundle branch block In sixteen of these (48 
per cent) the cardiogram also revealed abnormal 
Q waves, RS-T segment deviations, or altered T 
waves characteristic of cardiac infarction 
The relative frequency of such signs in the various 
leads taken are set down in Table III (anterior 
infarction) and Table IV (posterior infarction) 

Anterior Infarction 

In experiments on dogs, Wilson and his co- 
workers have shown that when the left branch of the 
bundle of His is interrupted, direct leads from the 
epicardial surface of a left ventricular transmural 
infarct record the initial positive potential of the left 
ventricular cavity and therefore cannot show a Q 
wave When the infarct includes the ventricular 
septum, however, the initial negative potential of the 
endocardial surface of the right ventricle may be 
transmitted through the infarcted— and hence 
electrically inert — septum to the cavity of the left 
ventricle Then leads facing the left ventricular 
surface may show an initial negative deflection 
(Q wave) characteristic of cardiac infarction 
(Wilson et al , 1944, Sodeman et al , 1944) 


In all but one of the 12 cases in which a cardio- 
graphic diagnosis of anterior infarction was made, 
a Q wave was present in lead I and m leads taken 
over the left pnecordium (Fig 1) A similar 
change was found in the unipolar left atm lead (VL) 
in five of the six cases in which it was taken When 
present in the left pnecordial leads, Q may be 
expected in leads I and VL, but cannot be guaran 
teed (Wilson, 1936, Master et al , 1938) Septal 
infarction was found in all three of our cases of left 
bundle branch block with a Q in lead I that were 
examined post-mortem 

RS-T segment deviation in greater or less degree 
and abnormal T waves usually accompanied 
abnormal Q waves (Fig 2), only one example 
(Case 2) was encountered where a diagnosis of 
infarction could be made from the RS-T segment or 
T wave in the absence of a Q wave Marked RS-T 
segment elevation and coving is a feature of fresh 
infarction with left bundle branch block as well as 
with normal conduction (Bach, 1930, Master et al , 
1938, Vela, 1944, Moia and Acevedo, 1945, and 
others) and has been demonstrated experimentally 
in animals (Hill, 1934) For a time it may be the 
only clear sign of infarction, preceding the appear- 
ance of Q, or the latter may be indistinct or fail to 
develop It follows that if an electrocardiogram 
can be obtained within a few hours or days of 
infarction, a cardiographic diagnosis of infarction 
will be possible in a correspondingly higher pro 
portion of cases despite the left bundle branch block 
As a rule, however, the RS-T segment depression in 
lead I typical of left bundle branch block tends to 
neutralize the RS-T elevation of anterior infarction, 
and this segment is usually isoelectric or only 
slightly elevated or depressed (Fig 2) RS-T seg 
ment elevation is not necessarily confined to the 


TABLE I 


Electrocardiographic Findings in 


60 Cases of Bundle Branch Blocr with 
Cardiac Infarction 


History or other Evidence or 


Electrocardiogram 

Sex 

1 

Age 

(av) 

Left bundle branch block 

Right bundle branch block 

1 

, Male 1 

i 

Female 

Ant 

1 

Post 

I Ant 
and 
post 

Total 

1 j Ant 

Ant 1 Post and Total 

j I Post 

Cardiac infarcuon and 
bundle br block (41 
cases) 

35 | 

6 

60 

12 

4 

0 

1 

16 

1 

14 10 1 25 

Bundle br block, only 
(19 cases) 

1 

i 15 

4 

« 

1 

, 

_ 17 ' — — — 2 

Total (60 cases) 

50 

10 

1 

61 5 

! 


_ j - | 33 - - - " 

| 1 | , — 
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TABLE Jf 

r .„, OF Cardiac Infarction showing Electrocardiographic Evidence of both Cardiac Infarction and 

Bundle Branch Block. 



^ 1 



! Date of 

Electrocardiogram 

Case 

No 

Sex 

jAge 

1 

i Date of 
infarct 

electro- 

cardio- 

gram 

1 

Leads taken 1 

QRS 

(sec) 

1 Abnormal 

Q 

Deviation 
of RS-T 

1 ! 

Abnor- 
j malT 

Site of 
infarct at 
necropsy 3 


Left Bundle Branch Block Anterior Infarction 


M | M 

60 1 

1 

Indef 

27/1/37 j 

No chest leads 

044 

I 

i 


1 1 ! 

n , m 

) 

53 

10/11/47 

13/11/47 

VL, VR, VF 

0 12 

1 

I, III 

1 1 

f 




V5, V3, Vl 



VL 

! VL ' 

1 



1 




V5 

V5 j 

3 F 

69 

Ian. 1945 

5/1/48 | 

CR7-1 

0 12 

I i 

II 

I II ' 







CR5-2 ! 

CR6-2 

CR7-2 , 

4 , F 

61 

7/5/46 

8/5/46 

V5, V3, Vl 

0 12 

I 


I 1 

1 


1 



1 

V3 1 

V5, V3, Vl 

. V5, V3 

5 M | 

60 ( 

13/11/46 i 

13/5/47 

VL, VR, VF 

016 

I j 


! I 

i 




V6-1 


VL ! 


VL 


| 





V5 

V6-3 

1 

6 1 M 

' D 1 

26/12/46 

28/12/46 

V5, V3, Vl 

0 12 

I 


I 


1 ; 





V5 V3, Vl 

1 V5, V3 


7 I M 

33 

July 1944 

4/2/47 

VL, VR, VF 

0 12 

I, II 1 

1 

I, II 


1 



! V5, V3, Vl 


VL j 

! 

VL 






1 

V5 

1 

i v 5 

'8 ' M 

40 

July 1947 

17/11/47 

VL, VR, VF 

i 0 12 

I 1 




1 



V6-1 


VL 1 


VL ! 


1 





V6-5 


V6-4 

9 | M 

I 57 

Indef 

5/4/45 

IV R 

0 12 

I, II 

; 

I, II 

MO ! M 

1 68 

(a) 6/4/47' 




IV R 

! 

| 

1 

J 

(b) 5/10/47 

1 





( 


1 

(c) 10/1/48 

1 10/1/48 

VL, VR, VF 


I 

■ 

I ’ 

1 

1 


1 

V5, V3, Vl 

0 12 

VL 

1 

1 

1 

J 


1 




V5 

V5 

1 

Ml 1 M 

59 

j Indef 

10/2/48 

V6, IV, V, V2, Vl 

0 16 

i, n 

i 

, I 

12 - M 

1 

i 45 

25/2/48 

| 25/5/48 

1 

I aVL, aVR, aVF 

0-12 

V6-5 

I 

1W,V2,V1 

I 

1 V6 

i 




1 

1 V6-1 


VL 

1 

1 

i 




i 


1 

V6-3 

V6-3 

t 


Antcro- 

scptal 


Antcro- 

septal 


Ant (recent) 
Post (old) 
1-V septum 
(recent and 
old) 






Left Bundle Branch Block Posterior Infarction 


16 

M 

62 

Indef I 

2/8/46 | CR7, CR4 

1 0 12 

1 u, m 

m 

i III 

17 

M8 

F 

F 

45 

59 

23/11/46 1 

(a) Aug 47' 

(b) 20/1/48 

27/11/46 V5, V3, Vl 

1 VL, VR, VF 
22/1/48 | V5, V3, Vl 

0 12 
014 

1 CR7.CR4 

1 in 

1 11, in 

I VF 

hi 

! i ii, m 

I VL, VF 

> m 
i ii, m 

VF 

19 

M 

60 

3/9/47 

9/9/47 , VL VR, VF 
. V5 V3, Vl 

1 

012 

11,111 
; VF 

V5* 

! i, n, ra 

V5- 

ii, in 

, Vl 6 


i VI s 
l VF 


, 2 o M ,, , ,, R>Sht Bundle Branch Block Anterior Infarct ton 

'° M 63 ? Jan 1946 IV5.V3.VI .. 


\a) Jan 1946 l y 5 y-j yi , 

(b) 25/2/47 i 25/2/47 , ’ 3 ’ Vl 0 12 


’ 21 M 81 29/11/47 

10/12/47 1 VL, VR, VF 

— 

j V5, V3 Vl 

! 1 

I 

i 


0 12 


V5 V3.V1 I V5, 


V3 VI 


V3 


V5, V3 


I 


I 

I 


| Antero-sep- 
i tal (recent) 
I Postenor 
I (old) 
Antero-sep- 
i tal (recent) 
f Postenor 
l (old) 
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TABLE II — continued 


Case 

Sex 

Age 

Date of 

Date of 
electro- 
cardio 
gram 

Electrocardiogram 

No 

infarct 

Leads taken 5 

QRS 

Abnormal 

Deviation 

Abnor- 

Site of 



'1 



(sec) 

Q 

of RS-T 

mal T 

infarct at 
nccrops} 5 

1 22 




Right Bundle Branch Block 

Anterior Infarction— 

-continued 



M 

56 

20/12/35 

21/12/35 

IVR, CR2, CR1 

0 16 

CR2-1 

IVR 

IVR 

1 

5 23 

M 

81 

Indcf 

29/9/46 

V5, V3, VI 

0 16 

I 

CR2-1 

CR2-1 


24 

M 






V5.V3.V1 

V5 

V3 

Antero-scp- 

79 

(a) 3/9/36 

15/1/48 

VL, VR, VF 

0 16 

I 



tal 




(b) Oct 1936 


V6-1 

VL 




25 

M 

58 

(c) 14/11/36 
Indef 

23/3/44 

IV R 

0 14 

V6-1 

I 

V3-1 

V6-1 

1 


26 

M 

61 

May 1937 

July 1937 

No chest leads 

0 12 

I 


IVR 

I 

V3, VI 


27 

m 

M 

M 

54 

16/5/47 

25/9/47 

VL, VF 

V5, V3, VI 

0 14 

V3, VI 



59 

Indef 

8/4/48 

VL, VR, VF 

V5, V3, VI 

016 

I 

VL 

I 


Antcro-sep- 

tal 

29 

M 

39 

24/12/47 

6/4/48 

VL, VR, VF 

0 16 

V5, V3, VI 

I 

V5, V3 

V3, VI 






V5, V3, VI 


VL 

VL 



*30 

M 

51 


5/4/48 

aVL, aVR, aVF 
V7-1, V3R 

0 12 

V5, V3 

aVL 

V5 

I 

aVL 

V5 

l 

Antcro-scp- 
tal (recent) 








V5-1 

V3 


Posterior 

31 

M 

55 

21/4/48 

12/5/48 

V5, V3 VI 

0 12 

V3R 

VI 



(old) 

32 

M 

77 

10/12/47 

13/1/48 

VL VR, VF 

0 16 

I 









V6-1 


VL 




33 







V5-2 




M 

63 

29/3/48 

3/5/48 

VL, VR, VF 

016 

I 









V5, V3, VI 


VL 

V5, V3 

V3 

! 



Right Bundle Branch Block Posterior Infarction 


40 

M 

61 

(a) 1940 






1 i 




(b) 27/7/43 

8/1/48 

CR7-1 

0 16 

11,111 

ii m 

1 II III i 

41 

F 

69 

Jan 1938 

7/3/38 

No chest leads 

0 16 

II III 

m 

II, III 


42 

M 

51 

4/9/46 

25/9/46 

CR7, CR4, CR1 

0 12 

II III 

m 

111 


43 

M 

67 

Oct 1947 

12/12/47 

VL VR, VF 

0 14 

II III 

in 

ii nr 







V7-1 


VF 

VF 

VF 


44 

F 

64 

(a) Feb 1946 











(b) 28/6/46 

9/8/46 

CR7, IV R 

0 16 


II, III 

l ii in 

45 

M 

61 

Indef 

17/2/41 

IV R 

0 12 

n, m 

II, III 1 

ii 

’46 

M 

67 

(a) May ’45 

9/7/45 

No chest leads 

0 14 

ii in 

n, iii | 

n m 




(b) 5/10/47 

11/10/47 

CR7, CR4 7 

0 12 

hi 

l 

CR7 

47 

M 

45 

Feb 1945 

18/7/47 

CR7, CR3 CR2 

0 14 

ii hi 

ii, in 

II III 








CR7 

1 


48 

M 

54 
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Dead 5 Standard limb leads were taken in all cases 3 ‘Anterior and Posterior refer to left ventricle 

Electrocardiogram showed posterior infarction with normal mtraecntncular conduction 

rJ!; xni,™c,nn of RS-Tseement ‘ Abnormally tall T waves present in lead \ 1 

Left b^dle Sh birch * In IV R, QRS and RS-T segment indicated involvement of apical region 
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TABLE III 


Electrocardiographic Signs of Anterior Infarction 
COMPLICATED BY LEFT BUNDLE BRANCH BLOCK 


Abnormal Q 

RS-T Deviation 

Abnormal T 

Standard limb leads (12 cases) 


11 

3 

11 


Chest leads (10 cases ) 


9 

8 

6 


Unipolar limb leads (6 cases) 


5 

1 

4 


TABLE IV 



Electrocardiographic Signs of Posterior Infarction 
Complicated by Left Bundle Branch Block 


Abnormal Q RS-T Deviation 

Abnormal T 

Standard limb leads (4 cases) 
4 4 

4 

Chest leads (4 cases) 

1 2 

1 

Unipolar limb leads (2 cases) 
2 1 

2 
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acute stages of the infarct but may persist for months 
or years In eight of our twelve cases in this group, 
prominent RS-T elevation in lead I and/or the left 
chest leads was present for 2 days (Case 10), 9 days 
(Case 4), 2 weeks (Cases 2 and 6), 2-3 months (Cases 
11 and 12), and 6 months (Case 5) In the eighth 
case conspicuous RS-T segment deviation was still 
evident in leads CR5-2 three years after the infarct 
(Fig 3 A) and in Case 1 1 in leads V4-2 five years after 
the infarct (Fig 3B) Persistent RS-T deviation 
has been described as a sign of cardiac aneurysm 
(Nordenfelt, 1939, Wilson a a! , 1944h), but this 
could not be detected m any of our cases 
Primary T wave changes associated with anterior 
cardiac infarction usually cannot be recognized in 
the presence of left bundle branch block, for the 
latter produces strong T wave inversion m lead I and 
in leads taken over the left ventricle In no case did 
we feel justified in making a diagnosis of cardiac 
infarction by virtue of T wave changes alone 
Care must be taken m interpreting chest lead 
curves taken from positions Cl and C2 in uncom- 
plicated left bundle branch block since these leads 



ShOW l *wong[nS l posteno^llfe^ e Al?mm bl0Cl S Previous standard leads, outlined 
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aVF 


Fig 2 — Anterior cardiac infarction and left bundle branch block Elevation of the RS-T segment 
due to the infarct, seen best in leads V3 and V4 neutralizes any tendency towards RS-T 
depression due to left bundle branch block thus in leads VL and standard lead 1 the RS-T 
segment is at the isopotential level The small Q wave m these two leads is due to septal 
infarction Autopsy confirmation 

may show an inconspicuous R wave or may consist the physiological mechanism We hate encountered 

of a monophastc downward deflection followed by several examples of this type and others hate been 

an elevated RS-T segment more or less simulating reported (Dressier, 1943, Simonson ct nl , 1945) 
recent anterior or antero septal infarction Such 

complexes are sometimes known as “ false infarction Posterior Infarction 

curves” (Mortensen, 1940) When posterior infarction is complicated by left 

Convincing evidence that left bundle branch block bundle branch block the appearance of charac- 
may suppress the signs of infarction was obtained in tensti c Q waves depends as in anterior infarction, 

certain cases in which the block was transient on the transmission of the initial negative potential 
(Fig 4), or intermittent (Fig 5) of the right ventricular cavity through an infarctcd 

Cardtographic signs of cardiac infarction obscured ventricular septum to the cavity of the left ventricle 
by left bundle branch block may be unmasked when This initial negativity is then transmitted through 
a premature ventricular contraction originating on the electrically inert posterior infarct to lead VF and 
the blocked side allows both ventncles to contract so to leads II and III But QIII is also seen in at 
simultaneously Wilson and Herman (1921) were least one-third of cases of uncomplicated left bundle 
able to demonstrate the presence of an infarct in the branch block (Sodcman et a! 1944) 
experimental animal by this means and explained In the four examples of posterior infarction that 
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Fig 4 — -Transient left bundle branch block suppressing the signs of anterior cardiac infarction 
When conduction was normal (shown below) the T waves were inverted from V2 to V5 


could be diagnosed cardiographically in this series, 
characteristic Q, RS-T, and T wave changes occurred 
in lead III In one instance the curves were taken 
within a few hours of the onset and revealed RS-T 
segment elevation in leads II, III, and VF, with 
reciprocal depression in leads I, VL, and V5 (Fig 6) 
Proof of septal involvement in these cases is lacking, 
three of them recovered, and the fourth did not come 
to necropsy On the other hand, extensive posterior 
infarction not revolving the septum was demonstrated 
at necropsy re Case 75 The cardiogram (standard 
limb leads and IV R) showed left bundle branch 
block without the signs of posterior infarction 

Comment 

When the different factors are evaluated that 
tend to permit or suppress the signs of infarction 
complicated by left bundle branch block, which 
are discussed below, one may conclude tentatively 


that re about one-half of such cases cardiographic 
confirmation of the infarction will be forthcoming, 
in the other half, as long as the bundle branch block 
persists, the cardiographic signs of infarction will be 
suppressed The diagnosis must then depend on 
the history and other clinical evidence 

Cardiac Infarction and Right Bundle Branch 
Block 

When right bundle branch block is present the 
sequence of depolarization of the ventricles is the 
same as when intraventricular conduction is normal 
At the start of ventricular excitation the left 
ventricular cavity is negative and an infarct should 
transmit this initial negative potential to the surface 
in the usual way Therefore the characteristic Q 
wave of cardiac infarction should not be suppressed 

In our senes there were 27 cases of cardiac 
infarction complicated by right bundle branch block 
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Fig 6 


-Postenor cardiac infarction and left bundle branch block This graph taken wi'hm a fen hours 
of the onset and shows characteristic changes denoting recent posterior infarction 


The cardtographtc signs of cardiac infarction were 
present in 25 cases, l e in 93 per cent The relative 
frequency of these signs in the various leads taken is 
shown m Table V (anterior infarction) and Table VI 
(postenor infarction) In six cases the infarct was 
confirmed at necropsy 

TABLE V 


TABLE VI 

ELECTROCARDlOGRAPtnC SIGNS OF POSTTRIOR IsTARCTlOV 

Complicated bv Right Bundle Branch Block 

Abnormal Q RS-T Deviation Abnormal T 

Standard limb leads {11 cases) 

10 9 9 

Chest leads (9 cases) 

1 1 1 


Ftectrocardiographic Signs of Anterior Infarction 
E Complicated by Right Bundle Branch Block 

Abnormal Q RS-T Deviati on Abnormal T 

Standard limb leads ( 14 cases) 

8 2 1 


12 


Chest leads (12 cases) 

9 

Unipolar Umb leads ( 8 eases) 


Unipolar limb leads (2 eases) 


1 


Anterior Infarction 

Eight of the fourteen cases of anterior infarction 
showed charactenstic Q waves in the standard limb 
leads (Fig 7) This is contrary to the experience 
or Wilson et a! (1944), Carlott, H947) and of 
Goldbcrgcr (1947) RS-T segment deviation and 
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Hie 7 Anterior cardiac infarction and right bundle branch block Typical Q waves arc seen in 
leads V3, V5, VL and standard lead 1 


primary T wave changes were commonly absen 
rom the standard limb leads thus in the six case 
showing no Q I, these leads failed absolutely to shot 
the infarct (Fig 8 and 10) 

Ch ? St ,eads were dia sn°sttc of infarc 
ion in the twelve cases in which they were recorded 

lnvaria Wy present, and RS-T am 
wave changes occurring in the majority (Fig 9) 

orantennr PO f F ^ ^ ,Cad re P rodu ced the Q wav 
RS-tT h T arCt '° n ,D Suc out ofe| g ht cases (Fig 9' 
In Case ^p Ve C , hanges %vere seld °m diagnostic 
of mfa^np 2 F ® ° A) no “rd'ographic evidenc 
typ S To r " *** P T nt s,x hours ^ter an attac 

ss™z> r *-S- 

"« m the Zl lZ Z S “ r thS ieadS bl 
days later when no L «. f reCOrd ’ taken ™ 

had returned shoZ m VentnCU,ar condu «>° 

antero-septal 'mfn ^ ' e Pattern of anterior c 
'«d 5 ln 1 and ln the cbe 

months rescaled vnlTT 5 d “ nng thc next r °tirtec 
fat monopha fc n l U , reVerS10n t£ » norma 
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closed right bundle branch block Diagnostic 
evidence of extensive anterior infarction was pro- 
vided by chest leads, but not by limb leads At 
necropsy there was a recent infarct involving a large 
area of the anterior wall of the left ventricle and of 
the ventricular septum, and an old posterior infarct 

The chest leads in Case 23 (Fig 11 A) showed 
prominent Q waves in leads V5, V3, and VI, in 
addition to the features of right bundle branch 
block The complex recorded over the right pra:- 
cordium (VI) resembled that in lead I, while V5 
resembled lead III Therefore, the heart was 
electrically vertical At necropsy a recent infarct 
was found involving the apex and the lower portion 
of the ventricular septum The explanation of the 
tall R waves following deep Q waves seen in chest 
leads in cases of anterior infarction associated with 
right bundle branch block is obscure, because as 
Goldberger has pointed out (1947), the deep Q wave 
indicates that the lead m question is facing the 
infarcted left ventricle, whereas the tall R wave 
ordinarily occurs in leads that face the epicardial 

block* ° f thC n8ht Ventncle m nght bundie branch 

The cardiograms reproduced in Fig 1 IB (Case 21) 
are those of an old man of 81 who developed 
symptoms of cardiac infarction eleven days pre- 
viously The unipolar limb leads showed the heart 
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•«VF 


Fro 8 — Anterior cardiac infarction and right bundle branch block Typical Q waves arc seen in the chest leads 
but the standard leads reveal no evidence of the infarct Standard leads outlined in black were taken pre- 
viously and represent old posterior infarction Autopsy confirmation 

to be electrically vertical, and the chest leads pointed only two instances (Cases 43 and 50) lead VF 

to a block in the right bundle branch Conspicuous showed significant Q waves in both, with elevation 

deviation of the RS-T segment was seen m lead V3 of the RS-T segment and inversion of the T wave in 

and small Q waves were present in this lead and in one of them Multiple chest leads were taken in 

lead VI The diagnosis was, therefore, right bundle 9 cases, but revealed evidence of infarction in only 

branch block complicating an antero-septa! infarct one instance 

The patient died a week later and at necropsy this When the posterior wall of the left ventricle is 
diagnosis was confirmed In addition an old infarcted, and normal intraventricular conduction is 

posterior infarct was demonstrated present, the T wave in lead CR7 is usually inverted 

(Evans and Hunter, 1943) Although there is no 
Posterior Infarction apparent reason why a complicating right bundle 

When posterior infarction was associated with branch block should suppress the characteristics of 

right bundle branch block, standard limb leads posterior infarction in this lead, an upright T wave 

showed characteristic changes in all 1 1 cases was present in lead CR7 in five cases, and in V7 in a 

(Fig 12) Unipolar limb leads were obtained in fourth (Fig 12 and 13B) ThcT wave in CR7 was 





Fig 9 — Anterior cardiac infarction and right bundle branch block Characteristic Q waves and RS— T elevation 
are seen in V3, V5, VL and standard lead I Autopsy confirmation 


inverted in the fifth case (Fig 13 A) All these 
records showed indubitable evidence of posterior 
infarction in other leads 

Some cares with widened and bizarre QRS com- 
plexes arc the result of fresh infarction distorting 
the cardiogram of a previous bundle branch block 
with ot without infection Alternation of the 
block between the left and right bundle branches 
ma> occur (Master ct al , 1938) or the pattern may 
change permanently from one type of block to 
another In this respect Case 46 is of interest 
A cardiogram taken in July 1945 showed right bundle 
branch block with a posterior infarct Two and a 
half y ears later, after another attack of prolonged 
cardiac pain, from which the patient did not recover 
a cardiogram showed left bundle branch block 
" ig 1 3B) There was no necropsy 


Occasionally, cardiographic evidence of posterior 
infarction appears to be suppressed by right bundle 
branch block This occurred in Case 76, in which 
the cardiogram showed right bundle branch block 
with no more than a shallow Q wave in lead 111, 
yet at necropsy the posterior wall of the left ventricle 
was found to be thinned and fibrosed over a large 
area The ventricular septum was not significantly 
involved The circumstances that result m sup- 
pression of the signs of posterior infarction with 
right bundle branch block are not clear We did 
not feel that a cardiographic diagnosis of infarction 
could be based on an isolated Q wave m lead III, 
because this is encountered m 36 per cent of cases of 
uncomplicated right bundle branch block (Sodeman 
et al , 1944) 
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FlG ■° 7 ' Anterior card'ac infarction and right bundle branch block (A) Serial electrocardiograms showing 
the development of T wave changes characteristic of anterior infarction these are masked in standard leads 
when right bundle branch block is fully developed (December 21) (B) Typical changes of acute anterior 

infarction are seen in chest leads, but are masked by right bundle branch block in standard leads 
Autopsy confirmation 


Anterior and Posterior Cardiac Infarction 
Complicated by Bundle Branch Block 
Necropsy evidence of anterior and posterior 
cardiac infarction was available in five cases in this 
senes, three of them complicated by nght and 
two by left bundle branch block In four of them 
the electrocardiogram showed signs of anterior or 
antero septal infarction only, three of these had 
right (Fig 8 and I IB), and the fourth left bundle 
branch block (Fig I) The anterior infarct in each 
of these four cases was recent and the posterior 
infarct old In the fifth (Fig 14) a cardiogram 
taken six hours after the symptoms of a cardiac 
infarction showed normal intraventricular con- 
duction with Q waves and depressed S-T segments 
m leads II and III, and abnormally tall T waves in 
the chest leads Five days later, left bundle branch 
block had developed, as shown in lead CF2 as the 
heart was vertical, standard leads resemble nght 
bundle branch block A lead taken over the apex 
(IV R) was typical of acute anterior infarction 
An ante mortem diagnosis of recent anterior 
infarction in a vertical heart was made but at 
necropsy posterior infarction was also present 


Thus, in these five cases the features of the acute 
infarct were revealed in the electrocardiogram, md 
in four of them the signs of an old posterior infarct 
were suppressed We have insufficient dad, how 
ever, to determine the circumstances that result 
in the dominance of one infarct and the suppression 
of another 

Pathogenesis of Bundle Branch Block Com 
plicating Cardiac Infarction with an Account 
of Eleven Necropsies 

It is reasonable to assume that infarction of the 
ventricular septum might be associated with bundle 
branch block because of the intimate anatomical 
relationship between the septum ind the bundle 
branches In the experimental animal scpdl 
infarction and usually bundle branch block ssith or 
without auriculo-scntncular conduction defects m ly 
be produced by ligation of the septal artery or of the 
left coronary artery (Wilson ct a / 1944) but the 
production of bundle branch block by this technique 
is sometimes unsuccessful (Barton and Greenwood 
1933) In man the findings arc similar When 
bundle branch block complicates cardiac infarction 
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Fl<3 " bundle branch block 


taken cm 9/9/46 and shows nvht hnnrttl^h 1 bu £ d ,!f * 3 F anc * 1 block (A) The control graph (a) was 
taken on 24/9/46 shows Drormnpnt rwL bratlC ^ b Wlt ^ a vert 'cal heart The second curve ( b ) 
rardiac infarction (B) Antenor inhu-rt' n f 1 !? ,nve, Ifd T waves m all chest leads due to antenor 

bundle branch block com^K^n if^ vt c ! dayS ?. W j shown ,n leads V1 and V3 The right 

e heart being electrically vertical StandarI?! lSn h? e< L t0 i! eaci VL and hence to standard lead I, 
cany vert, cal Standard hmb leads thus resemble left bundle branch block 



Fig 12 — Posterior cardiac infarction and right bundle branch block Pathological Q waves arc well seen 
in lead VF and in standard leads If and III 


the septum is often, but not invariably, involved 
In a necropsy study of 30 cases of gross septal 
infarction, Master et al (1937) found that impaired 
intraventricular conduction had been present in only 
12 cases 

Attempts to correlate the site of coronary 
occlusion with the occurrence and type of bundle 
branch block have been reported frequently (White, 
1934, Saphir et a!, 1935, Applebaum and Nichol- 
son, 1935, Barnes, 1935, Pratsicas, 1936, Fischer, 
1938, Master et al , 1938) Applebaum and 
Nicholson concluded from their necropsy findings 
m 1 1 cases that it was impossible to determine which 
vessel was occluded by the type of block present, 
for there was usually severe and extensive involve- 
ment of the entire coronary system Master and his 
co-workers (193S) also submitted that it was 


impossible to locate the site of an infarct from the 
type of bundle branch block present Reviewing 
their findings m 20 cases examined at necropsy these 
authors reported a similar incidence of conduction 
defects whether the left or right coronary artery was 
occluded In 16 of their 20 cases however, the 
infarct did involve ihc septum When the QRS 
interval exceeded 0 14 sec septal infarction was 
invariable 

The apparent lack of correlation between the 
situation of coronary occlusion and cardiac infarc 
tion, on the one hand and bundle branch block on 
the other might be explained by the presence of a 
gradually developed collateral circulation in the 
areas supplied by vessels showing long standing 
occlusion (Blumgart and Schlcsmger 1940) 

There were 1 1 necropsies in the present sene-. 






c 

Fig 13 — (A) 9/7/45 showing right bundle branch block and posterior infarction (B) 11/10/47, 
showing left bundle branch block after fresh posterior infarction (C) Posterior cardiac infarction 
and nght bundle branch block The infarction is shown well in standard leads but not in lead 


z 
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Fig 14 —Anterior and posterior infarction associated with left bundle branch block in a \ crtical 
heart (A) Normal conduction 6 hours after the onset Lead 4R shows elevation of the 
R-T segment and an enormous T wave indicating an anterior infarct a few hours old Tin. 
Q wave in leads II and III is derived from lead VF (not shown) to which left ventricular 
surface potentials are transmitted (B) 5 days later Left bundle branch block has 
developed as shown by lead CF2 The heart being vertical standard leads resemble right 
bundle branch block Changes of acute anterior infarction arc shown in lead IVR 
Necropsy showed both anterior and postenor infarction 


The main findings, summarized in Table VII, con- 
firm the absence of any clear relationship between 
the vessel occluded, the bundle branch predomi- 
nantly involved, and the situation of the infarct 
In 9 cases, however, the infarct involved the 
ventricular septum In the 2 instances in which the 
septum escaped the infarct was situated in the 
postenor wall of the left ventncle the electro- 
cardiogram showed left bundle branch block in one 
(Case 75) and nght bundle branch block in the other 
(Case 76) In 4 of the 9 cases in which the ven 
tncular septum was mfarcted, the QRS interval 
equalled or exceeded 0 14 second 
In a control study we found septal involvement in 
58 of 100 unselected cases of cardiac infarction 
examined at necropsy From the figures discussed 
above it is clear that the septum is involved more 
frequently (80 per cent) when there is bundle branch 
block If pathological Q waves occurred in all 
cases of cardiac infarction, left bundle branch block 
would not therefore be expected to obscure the 
pattern in 80 per cent or cases The actual figure or 
48 per cent found in our analysis more or less har- 
monizes with these expectations for a minority of 
infarcts are too shallow to cause Q waves 


Summary and Conclusions 
Sixty cases with a history or other evidence of 
cardiac infarction and an electrocardiogram showing 
bundle branch block have been collected and 
analysed in order to determine the frequency with 
which the cardiographic signs of cardiac infarction 
occur with bundle branch block 
The scries comprised 33 examples of left and 27 of 
right bundle branch block Cardiographic signs of 
cardiac infarction were present in 41 cases (6S per 
cent) 

These signs were found in 48 per cent of the cases 
with left bundle branch block and in 93 per cent of 
those with nght bundle branch block As a 
corollary it should be stressed that the signs of 
infarction were suppressed in approximately half 
the cases complicated by (eft bundle branch 
block 

The belief that significant Q waves in left ven 
tncular surface leads in cases with left bundle branch 
block denote septal infarction is supported by 
limited necropsy evidence 

In the presence of left bundle branch block the 
signs of antenor infarction were revealed as fre 
qucntly with standard limb leads as with multiple 
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TABLE VII 

Necropsy Findings in Eleven Cases of Cardiac Infarction and Bunplc Branch Block 



Electrocardiogram 

Case - 
No 1 
( 

QRS 

[sec) 

Block 

Infarct 

1 

014 1 

Left 1 j 

interior A 
h 

8 

012 ! 

Left 

Anterior / 

j 

1° j 

012 

Left 

Anterior 

20 

0 12 1 

1 

| 

Right 

Anterior 

21 

0 12 

Right 

Anterior 

23 

0 16 

| 

Right 

Antenor 

28 

i 

| 016 

Right 

I 

Antenor 

30 

1 

| 012 

. Right 

Antenor 

49 

1 ! 01< 

> Right 

i 

Antenor 
and Pos- 
terior 

75 012 Left 

— 

1 1 

76 0 12 j Right 

1 

— 


Nccrops) 


\rtenes Generalized severe atheroma No thrombosis discovered 
nfarci Recent infarction of anterior wall of left ventricle and upper three- 
quarters of ventricular septum Fibrosis involving these areas 
1 rttries Slight atheroma of main vessels Smaller subdivisions showed 
diffuse widespread atheroma No occlusion 

Utfarct Anterior wall of left ventricle and ventricular septum Dilfusc 
fibrosis involving left ventricle and ventricular septum 

Arteries Calcified atheroma marked in mam arteries Left anterior descend 
mg branch and right coronary completely occluded b> organized thrombus 
The left circumflex partial!) occluded by calcified atheroma 
Infarct Extensive old infarction of anterior and posterior walls oflcft ventricle 
and ventricular septum Recent infarction involving anterior wall and ven 
tncular septum Widespread subendocardial fibrosis of left ventricle 
Arteries Both right and left coronaries completely occluded and calcified for a 
distance of 1-2 cm commencing 2 cm bc)ond their origin 
Infarct Extensive recent infarction inv olv mg postcro-infcrior tw o-thirds of v cn- 
tncular septum, apex and lower one third of anterior wall of left ventricle 
Whole thickness of anterior wall partially necrotic Old infarction in posterior 
wall of left ventncle 

Arteries Left anterior descending and right coronary arteries occluded 
Infarct Recent extensive infarction involving anterior wall oflcft ventncle and 
ventncular septum Old infarction of posterior wall oflcft ventricle 
Arteries Generalized atheroma Anterior descending branch of left coronary 
thrombosed in proximal 3 cm , distal part was laminated and calcified and 
proximal part fresh and homogeneous 

Infarct Apex of left ventncle and lower part of ventricular septum recently 
lnfarcted. 

Arteries Anterior descending branch of left coronary occluded in proximal 
2 cm Left main coronary and circumflex branch normal Moderate 
atheroma of nght coronary 

Infarct Recent infarction of anterior wall of left ventncle and of ventncular 
septum 

Infarct Recent extensive infarction of antenor wall of left ventncle and of 
ventneukr septum Old fibrosed infarction of posterior wall oflcft ventricle 

ventncle^andof VCTtncular^ptum ^ ^ Wa,,S of ,cfl 


Arteries Marked atheroma of entire coronary tree 
flex branch of left coronary 

'iZrct ir tenor ^ , i of left ventnc,e recently mfarctcd 

ventnek 2 d fibrosls of old infarction involving postenor wall of left 


Thrombosis of circum 
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The three slight dilatations of the aorta imme- 
diately above the corresponding valve cusps, known 
as the aortic sinuses of Valsalva, are almost entirely 
intracardiac and lie near important parts of the 
heart (Fig. 1) Aneurysms arising from these 
sinuses may extend into the cardiac chambers and 
encroach upon the pulmonary valve, the atrio- 
ventricular valves, the conducting bundle, or the 
pulmonary or coronary arteries, or may lead to 
aortic regurgitation by deforming the aortic ring 
They may rupture into one of the cardiac chambers, 
the pulmonary artery, or the pericardium, and some- 
times communicate from birth with a cardiac 
chamber or the pulmonary artery To these 
various complications such aneurysms owe much of 
their interest 

Aneurysms confined to the aortic sinuses are 
uncommon, Smith (1914) noted that in 8138 
necropsies only 7 were found and, m all, only 20 
cases were confirmed at necropsy prior to 1914 
These aneurysms may be due to any of the usual 
causes, but those of congenital origin are of particular 
interest The first recorded case of this type appears 
to be that of Thumam (1840) and when Abbott 
(1936) collected her 1000 cases of congenital heart 
disease she was able to find only 12 congenital aortic 
sinus aneurysms recorded (Bauer & Astburv 
1944) 

Our objects in this paper are to describe four new 
cases, which present certain features of interest, and 
to review the available clinical and pathological 
material particularly so far as it illustrates the 
pathological differences between the acquired and 
congenital types of aneurysm or aids the clinical 
UmmT a congenital aneurysms Some pre- 
r> discussion of the nomenclature of the 
Z Why of theaortic 
«r. h, fa ““ res 


Nomenclature of the Aortic Sinuses 
The many ways of naming the aortic cusps and 
their sinuses arc so confusing that it is often difficult 
to identify the sinus described In Tabic I wc base 
enumerated fisc methods of nomenclature and in 
Fig 2 have indicated the sinus to which each name 
refers The standard nomenclatures [Old Termino- 
logy Basic Anatomical Nomenclature 1895 
(BN A), Birmingham Revision, 1933 (DR)] 
have assumed that one aortic sinus lies anterior 
and two posterior and always placed in an anterior 
position the sinus from which the right coronary 
artery arises, but Walmslcy (1929) has pointed out 
that sometimes two aortic sinuses lie anterior, 
and one posterior (Fig 2), he suggested that 
sinuses related to the coronary' arteries should 
be named right and left coronary sinuses, the third 
sinus being called the non-coronary sinus This 
nomenclature is easy to understand and allows the 
sinuses to be named when the heart has been 
removed from the body and the sinuses exposed by 
opening the aorta, wc have therefore adopted it in 
this paper 


Topography of the Aortic Root 
The structures adjacent to the aortic sinuses arc 
of considerable importance in discussing the clinical 
and pathological features of sinus aneurysms, these 
structures are ittustrated m Fig 1 and described m 
the caption 

The annulus fibrosus Between the aorta proper 
and the main body of the left ventricle there is a 
tubular zone of fibrous tissue, the annulus fibrosus, 
which forms an important part of the wall of the 
aortic sinuses and extends downward to become 
incorporated in the aortic vestibule of the left 
ventncle It is believed that congenital sinus 
aneurysms arise from defective development of the 
bulbar septum which divides the 
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Fig 1 — Position of the aortic sinuses From a normal heart, fixed unopened, with vessels and chnm 
bens distended The anterior and part of the right walls of the right ventricle and nght auricle 
have been removed and the aorta opened The antenor part of the ventricular septum (TVS) 
has been sectioned The nght coronary sinus (R C S ) projects into the conus of the nght vcntnclc 
(R V ) The non-coronary sinus (NCS) projects into the nght aunclc (R A ) and the tricuspid 
valve lies below adjacent sectors of the non-coronary and nght coronary sinuses The left 
coronary sinus (ICS) with its coronary artery can be seen postero-laterally It is related behind 
to the mitral valve and the left auncie SVC — Supenor vena cava A —Aorta P A —Pul 

monary artery 

tube of the heart, the bulbus cordis, into nght and had enjoyed good health At school he led a 
left halves Since the annulus fibrosus arises from normal life and played games, including football, 
the bulbus cordis and forms part of the wall of the without cyanosis or unusual dyspnoea At 10 years 
aortic sinuses, it is a particularly important structure of age tonsillectomy was advised, but not performed 

to study when a sinus aneurysm is present owing to the cardiac murmur He suffered from 

epistaxis on several occasions and in August and 
Case Reports December, 1938 severe attacks occurred 

Case 1 A congenital aneurysm of the right coronary On examination his general development was 
sinus associated with a bulbar lentricular septal normal, height 60 inches, weight SO lb Mis 
defect , clinically simulating patenci of the ductus exercise tolerance was good and there was no 
arteriosus and complicated by subacute bacterial cyanosis or finger clubbing The pulse was regular, 
endocarditis rate 80, the blood pressure 125/40 To the left of 

In April 1939, a schoolboy age 12, was referred the sternum, at the base, systolic and diastolic 

to Dr Cnghton Bramwell on account of a heart murmurs were heard Cardioscopy showed con- 
murmur first discovered during a respiratory mfec- siderablc enlargement of both ventricles, but 
hon in infancy Apart from tonsillitis when 5, he a cardiogram was normal apart from R waves of 
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TABLE I 

Nomenclature of the Aortic Sinuses 



Walmsley (1929) 

Common position 

Less common position 

(a) 

(6) B R 1933 i 

J (c)BNA 1895 

1 id) 

(c) 

1 

Right coronary 

1 Anterior 

Anterior 

Right 

Right anterior 

2 

Non-coronary 

1 Right 

Right posterior 

Posterior 

Posterior 

3 

i 

Left coronary i 

j Left 

Left posterior 

' 

Left ! 

Left anterior 


exceptionally high voltage in the standard limb leads 
The condition was diagnosed as patency of the 
ductus arteriosus 

In January, 1942, subacute bacterial endocarditis 
was suspected and he was admitted to hospital 
Seven weeks prior to admission he had a pyrexial 
illness lasting a few days accompanied by vomiting 
and shivering Subsequently his appetite failed to 
return and he complained of transient pains in the 
limbs, felt continually tired, lost weight, and was 
troubled by nocturnal sweating For a week before 
admission he suffered from substemal pain which 
frequently awakened him at night 
On examination he weighed only 84 lb and was 
pale His temperature was 100 2° F Striking 
arterial pulsation was visible in the neck, the pulse 
was regular, rate 120, the blood pressure 120/30 
A systolic thrill was palpable in the Lond and thud 

halsli wiM® 5 nC3r ' hC StenlUm acc °mpamed by a 
bo ^, '' C | mU ™ Ur and a softer doolie murmur, 
rrr al m he same positlon > but audible over 
the whole pmxord, um A telerad.ognun showed 
nsderable cardmc enlargement (cardiothoracic 


85 


per cent 



ratio 0 66) involving both ventricles The cardio- 
gram was similar to the previous record The liver 
was palpable two inches below the costal margin, 
there was no oedema but a few moist sounds were 
heard at the lung bases The spleen was palpable 
and there were scattered pctcchi.x on the abdomen 
chest, neck, and arms An Osier s node was found 
on the tip of the right little finger Blood culture 
yielded a growth of Streptococcus \irulans His 
condition steadily deteriorated and three weeks 
after admission he collapsed suddenly and died the 
following day 

At necropsi a few petechia: were found on the 
ar ™ s ' ‘^ erc was subcutaneous oedema of the trunk 
and effusions were present in the pericardial pleural, 
and abdominal cavities There was generalised 
passive congestion and infarcts were present in the 
spleen and right lung, these appearances were 
confirmed histologically 

The heart was globular m shape and weighed 
PW g The right atrium was slightly hypertrophied 

slwV ( ?v a T Thc r 'G ht ventricle was 

slightly, and the left ventricle considerably hyper- 


15 


percent 



Fig 


rc 

2— ivo / ANTERIOR 

Xfvxs named in Table I 



MORGAN JONES AND LANGLEY 


328 

trophied The foramen ovale and the ductus 
arteriosus were closed In the anterior part of the 
ventricular septum, immediately below the right 
coronary cusp, there was a triangular opening, 
base 13cm, height 08cm, communicating between 
the conus of the right ventricle and the aortic vesti- 
bule of the left ventricle (Fig 3) This opening lay 
anterior to the membranous septum and above the 
septal and parietal muscle bundles, it was there- 
fore a defect of the true bulbar septum Vegeta- 
tions characteristic of subacute bacterial endo- 
carditis were present around the margins of the 
septal defect 

The right coronary sinus was enlarged to form an 


aneurysm with a mouth 2 by 2 cm and a depth of 
2 5 cm From the upper limit of the mouth the 
wall or the aneurysm extended horizontally for a 
distance of 0 6 cm , and then cuned downwards 
obliquely for 0 5 cm to a well defined transverse 
ridge Below this the outer wall of the aneurysm 
was related to the muscle of the right ventricle and 
then joined the right coronary cusp The size of 
the right coronary cusp was about normal but 
owing to the aneurysm, the intcrcommissural 
distance was small consequently the cusp sagged 
downwards through the septal defect (Fig 3A), its 
lower part forming the upper margin of the com 
mumcation between the \entncles This sagging 




Fig 


t —Cost 1 From a droning of the aneurism (A) Aortic and left xcnlrlajhr mprrt 

mmmw- 

margins of the septal defect arc indicated by arrows 
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had made apposition of the aort.c cusps impossible 
so that the valve was incompetent 

The non-coronary aortic cusp was enlarged, 
measuring 3 cm between the commissures andthe 
corresponding sinus was deeper than usual U 9 cm ) 
The left coronary cusp measured 1 5 cm between 
the commissures The nght coronary artery was 
much smaller than the left, its orifice lying in the 
part of the aneurysm adjacent to the non-coronary 
sinus The left coronary orifice was puckered and 
lay near the commissure between its sinus and the 
non-coronary sinus 

On histological examination the aorta and aortic 
valve cusps were normal apart from the vegetations 
and the inflammatory changes of bacterial endo- 
carditis From the annulus fibrosus a tongue of 
fibrous tissue ran upwards to the transverse ridge 
on the aneurysm wall, lying between the muscle of 
the nght ventricle and the endothelial lining of the 
aneurysm The aortic media terminated at the 
transverse ndge 

In addition to the aneurysm, several congenital 
anomalies were present, a bulbar septal defect, an 
abnormal tongue of fibrous tissue arising from the 
annulus, and grossly unequal aortic cusps The 
aortic wall was free from disease other than bacterial 
endocarditis, which might have arisen upon the 
developmental defects In view of these findings, 
it seems mstifiable to attribute the aneurysm to a 
developmental anomaly 

The presence of aortic incompetence accounted 
for the collapsing pulse, the large pulse pressure and 
the diastolic component of the murmur The 
systolic component and the thrill were explicable by 
the presence of the ventricular septal defect 

Case 2 A congenital aneurism of the right coronary 
sinus, w/uc/i ruptured into the conus of the nght 
i auricle and led to progressive heart failure 
In January, 1944, a man of 41, a chauffeur, was 
admitted to hospital, complaining of breathlessness 
and swelling of the legs and abdomen Heart 
disease was first found at the age of 24 when he had 
a severe attack of breathlessness and pracordial 
pain From that time he suffered from dyspncea on 

adm s°smn n h PnECOrd ' al pain Some weeks before 
admission he noticed swelling of the legs and 

a domcn and his dyspncea became more severe 

“ K—c fever nor choreaand 
cyanosis had not occurred in childhood 

rest he Was c> ’ anoscd , dyspnceic at 

Z "eu «**** me pulse 

Pressure 140 mm 'V . , minUtC ’ systollc bl °°d 
the sounds bcingTudible^n * C en , d point uncertain, 
The hear, wS SJS ' '° mp,ete ' impression 
marged, and a coarse systolic thrill 


was palpable over the whole prTCordium most 
intense in the third left interspace near the sternum 
Very loud, coarse, systolic and diastolic murmurs 
of machinery type were audible over the whole 
prtecordium, but best heard in the third left inter- 
space near the sternum The liver was enlarged 
and tender and free fluid was present in the abdomen 
There was considerable redema of the legs and sacra 


area 


A cardiogram showed left axis deviation with 
depression of the RS-T segments in leads I and II 
these appearances were attributed to left ventricular 
enlargement A tclcradiogram revealed consider- 
able cardiac enlargement (cardio thoracic ratio 
0 63) involving both ventricles but principally the 
left The pulmonary' artery and the pulmonary' 
vascular markings were prominent 

With treatment by rest mercurial diuretics and 
digitalis he gradually improved but his rcdcma did 
not entirelv disappear During his fourth week 
in hospital his condition began to deteriorate his 
oedema increased he became verv breathless and 
was soon jaundiced and pyrcxial he died after 
four weeks in hospital 

Necropsv was performed bv Dr G Stewart 
Smith The skin and mucous membranes were 
jaundiced and there was some oedema of the legs 
The whole upper lobe of the right lung was con- 
solidated and typical of the stage of grev hepatiza- 
tion of lobar pneumonia Both lungs were con- 
gested and oedematous There was generalized 
chronic venous congestion 

The heart , which wc examined, weighed 640 g 
In the left half of the nght coronary sinus there was a 
round opening 0 7 cm in diameter with rounded 
slightly irregular margins (Fig 4B) This led to a 
globular thin-walled cavity (Fig 4A), 2 cm m 
diameter, which projected into the conus of the nght 
ventncle between the septal (posterior) and right 
anterior cusps of the pulmonary valve (Fig 4A) 
On the upper surface of the aneurysmal sac was an 
aperture approximately rectangular in shape 
0 8 cm by 0 6 cm , with smooth, rounded and 
thickened edges The irregular shape of this 
opening suggested that it was due to rupture or the 
aneurysm and, since the edges were smooth and 
rounded, healing had occurred The aneurysm 
thus formed a communication between the aorta 
and the nght ventncle The nght coronary' artery 
arose near the commissure between its sinus and the 
non-coronary sinus (Fig 4B) 

In the outflow tract of the left ventncle, 0 5 cm 
below the aortic valve, was a fibrous band, lying on 
the interventricular septum, and extending from the 
nght upper margin to the left upper margin of the 
antenor curtain of the mitral valve (Fig 4B) 
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Fig 4 — Case 2 From a drawing of the heart (A) Pulmonary and right ventricular aspect The perforated 

globular aneurysm lies m the conus of the right ventricle just below the septal (posterior) and right 
anterior cusps of the pulmonary valve (B) Aortic and left icntrieular aspect (a) The opening of the 
aneurysm in the right coronary sinus The right coronary artery arises near the commissure between 
its sinus and the non-coronary sinus 
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. . . lf , h . level at engorged and moist sounds were present at both 

This abnormality occurred at ah. sut the evel at E 8^ ^ tempcraturc %vas 100= F and the 

which sub-aortic stenosis develops * contained a considerable quantity of sugar 

left ventricle slightly thickened _d 5 cm 0 and ^ne^onta^ ^ ^ ^ mg ^ m , 

its cavity was dilated, this had led to the dspl con dit t0 n was diagnosed as diabetes mcllitus 

me „, or .heve^r^m. . r -*.h= ngh ' a , and uncon, roiled 


ventncle The waU of the nght ventacle was about 
twice the normal thickness (0 9 cm ) and the columns 
cams and chordae tendmeae were hypertrophied 
The conus of the nght ventncle was considerably 
dilated but its body appeared only slightly dilated, 
though this was difficult to estimate owing to the 
displacement of the ventncular septum The 
circumference of the pulmonary valve measured 
8 cm , the septal cusp was fenestrated The 
circumference of the aortic valve was 6 8 cm , and 
the left coronary cusp was slightly fenestrated The 
mitral valve measured 7 5 cm in circumference and 
the tncuspid valve 13 cm , both valves appeared 
normal 

The absence of acquired heart disease and the 
presence of a congenital sub-aortic band of fibrous 
tissue make it reasonable to suppose that this 
aortic sinus aneurysm was of congenital ongm 
While unruptured it is unlikely to have given rise 
to symptoms, and it seems probable that the onset 
of symptoms 17 years before death coincided with 
rupture into the right ventncle, the healing of the 
margins of the rupture is consistent with this 
opinion 

Case 3 A dissecting aneurism of the right coronary 
sinus communicating i uth the right and left sent ncles 
and leading to an intracardiac hcematoma around the 
right coronary artery 

In March, 1941, a married woman of 54 was 
admitted to hospital, complaining of vomiting and 
palpitation Her previous health had been good 
except for an attack of rheumatic fever at age 27, 
when she was confined to bed for a year, she was 
subsequently told that she had a “ weak heart ” 
At 50, she noticed breathlessness on exertion and 
began to suffer from attacks of palpitation of 
sudden onset and offset, lasting 20 to 30 minutes 
In June, 1940, she noticed increasing thirst, polyuna, 
and progressive weakness, a diagnosis of diabetes 
mcllitus was made She remained fairly well until 
two weeks before admission when she lost her appe- 
tite and became easily tired, for 48 hours before 
admission she vomited repeatedly and became 

anattack °r' ^ CVemng before admission she had 
an attack of palpitation which lasted several hours 
during the night she awoke owing to a rmmS 
the palpitation which continued until admission 

comnlM T"” 0 ' 10 ”, n Nvas found that the heart was 
K * lrrCBU ’ ar at a rate 172 a nunute 
Blood pressure 120/85 The cervical vems were 


with hyperglycemic prc-coma, 
auricular fibrillation 

She was treated with insulin, glucose, and intra- 
venous digoxin followed by digitalis by mouth 
Her heart rate fell to 94 in 24 hours, when an apical 
diastolic murmur, typical of mitral stenosis, became 
audible A cardiogram confirmed the presence of 
auricular fibrillation A telcradiogram of the chest 
showed slight cardiac enlargement The diabetic 
ketosis was rapidly controlled, but her temperature 
remained raised owing to a B coh pyelitis which was 
treated by sulphapyndinc After three weeks she 
was allowed up for a short time, a week later she 
had an attack of paroxysmal nocturnal dyspncca 
She was confined to bed and the attacks ceased 
after four nights Four days later she suddenly 
collapsed, complaining of tightness across the 
chest, she became cyanosed and died within a few' 
minutes 

At necropsy effusions were present m both pleural 
cavities and there was generalized chronic venous 
congestion The heart weighed 480 g , the left 
ventncle was hypertrophied but the right appeared 
normal except where the aneurysm projected into 
it Both atna appeared normal The mitral valve 
was moderately stenosed, the aortic cusps were 
thickened but the pulmonary and tncuspid valves 
appeared healthy There was slight atheroma of 
the coronary artenes, especially near the orifice of the 
nght coronary 

The lower part of the right coronary smus formed 
an aneurysm about 3 cm deep extending towards, 
and projecting into, the conus of the right ventncle 
(Fig 5) The upper part of the inner (aortic) wall 
of the aneurysm was formed by the nght coronary 
cusp , the middle part of the wall was disorganized 
and interrupted by a perforation communicating 
with the left ventncle, the lowest part of the inner 
wall was formed by the upper part of the ventncular 
septum The apex of the aneurysm projected into 
the nght ventncle The outer wall was formed by a 
large, grey, necrotic mass, 6 by 4 cm , which enclosed 
the first part of the nght coronary artery The 
upper part of this mass contained a recent haemor- 
rhage The greater part of the aneurysm was lined 
by loose blood clot, when this was removed a 
smooth lining of adherent thrombus was seen 
Histology Normally the annulus fibrosus is of 
tnangular shape and covered by a thm layer of 
elastic tissue on its aortic and left ventncular sur- 
faces (Fig 6A), the aortic layer is continuous with 
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p IG 5— Case 3 From a drawing of the heart ( a ) 
Aorta (6) Aneurysm (c) H-ematoma 


the internal elastic tissue of the aorta and the 
ventricular layer joins the subendothelial elastic 
tissue on the left side of the ventricular septum and 
is continuous with the subendothelial elastic tissue of 
the right ventricle In the specimen the annulus 
fibrosus had become separated from the aortic media 
The left ventricular layer of elastic tissue or the 
annulus could be traced through to the elastic tissue 
on the left side of the membranous septum At the 
apex of the aneurysm the distribution of elastic 
tissue strongly suggests that this was the reflected 

neht side of the septum (Fig 6C) 

11 These observations are explicable .f the aneurysm 
had been formed as suggested in Fig 6 First 
blood penetrated between the termination o 
the aortic media and the annulus fibrosus (Fig 


6B) then it spread into the subpcncardial fat to 
form the large hiematoma It next separated the 
muscle of the right ventricle from the annulus and 
then extended in three directions, (1) to rupture 
through the endothelium of the right ventricle 
(2) to split the membranous septum and reflect 
it with its elastic layer towards the right ventricle 
and (3) to sever the apex of the annulus from the 
septum and to rupture through the endothelium of 
the left ventricle (Fig 6C) Thus the dissection 
lay between the annulus and the muscle of the right 
ventricle and had communicated with both v cntridcs 
Although there is little doubt that this was a 
dissecting aneurysm arising in the right coronary 
sinus at the junction of the aortic media with the 
annulus fibrosus, it is more difficult to decide the 
nature of the lesion that led to the dissection 
Examination of the aorta showed none of the 
degenerative changes such as cystic medial necrosis 
often found in dissecting aneurysms There were 


however, inflammatory changes with a round 
cell reaction, fibroblasts, and new capillaries 
These changes were sometimes perivascular but 
unlike the changes of syphilis, they were confined 
to the adventitia and did not invade the media 
Although the inflammatory changes were most 
severe and acute at the point of rupture, thev 
were also present in the whole of the mtrapcricardiac 
aorta There were also striking histological changes 
in the aortic and mitral valve cusps, which were 
scarred and vascularized by thin walled blood 
vessels and in the myocardium small areas of pen 
vascular fibrosis were found In the pericardium 
there were recent inflammatory changes with some 
cellular foci which resembled Aschoff bodies 
though giant cells were not found The association 
of these changes in the valves and myocardium with 
mitral stenosis confirms their rheumatic origin and 
suggests that the recent inflammatory changes in 
the pericardium and aorta were due to a rccru 
desccncc of cardiovascular rheumatism The close 
resemblance of the aortic lesions to those described 
as rheumatic aortitis by Pappcnhcimer and von 
Glahn (1924) strengthens this hypothesis 
therefore probable that the dissection arose owing 
lo the development of active aortitis possibly 
rheumatic in origin 


[f 4 An aneurism of the non coronan aortic 
,s projecting into both air, a prohabh due to 
tenal endocarditis 

K married woman aged 52 was first seen in June 
a 0 n account or hrmatemcsis due to a gastric 
sr At this time a soft apical systolic murmur 
i noticed but no signs of organic heart disease 
od pressure 135/85 Hxmatcmcsis recurred in 
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kuuatoma 



A NORMAL 


B DISSECTION 


C ANEURYSM 


F.r 6 Case 3 The formation of the aneurysm {A) Normal structure of aortic root in section through right 

coronary sinus The distribution of elastic tissue is shown by interrupted lines The structures arc named 
m (B) (fl) Mode of dissection The annulus fibrosus has been separated from the termination of the 
aortic media, the subsequent directions of dissection are indicated by arrows (C) Aneurism By 
comparison with (B) the way in which the aneurysm has formed can be seen 


June, 1943, and again in September, 1945, when she 
was re admitted to hospital 
Examination Blood pressure 140/90 mm Apical 
systolic murmur still present Hemoglobin 74, 
falling to 64 per cent in a few days Radioscopy 
showed the heart at the upper normal limit of size 
Slight fever was present and persisted White cell 
count 5800-7200 per c mm Gallstones were 
demonstrated by cholecystogram Eleven septic 
teeth were extracted without any improvement in 
her condition On January 4, 1946, she had a 
sudden gripping mid-sternal pain lasting twelve 
hours and became breathless A systolic thrill and 
murmur then appeared in the 2nd left interspace 
near the sternum, and a high-pitched diastolic 
murmur along the left sternal border The pulse 
became collapsing, blood pressure 145/55 mm 
A diagnosis of ruptured aortic cusp due to infective 
endocarditis was made, and blood culture showed a 
non hemolytic, penicillin-sensitive streptococcus 
In spite of apparent control of the infection with 
penicillin, she died from heart failure three weeks 
later 

At necropsi bilateral pleural effusion, general 
passive congestion splenic and renal infarcts and 
chronic gastritis were found The heart weighed 
4/0 g From the non-coronary sinus an aneurysm, 
- 5 cm in diameter, projected backwards into the 
atria (Fig 7 and 8) The interatnal septum ran 
across the aneurysm dividing it into two unequal 
parts, one third l>ing m the right atrium and two- 


thirds in tne left The non-coronary cusp was 
thickened and calcified and, in the portion lying 
above the mitral valve, there was a perforation 
17 cm in diameter, surrounded by small crumbling 
vegetations The other two aortic cusps were 
thickened and the commissure between them was 
calcified Many small vegetations were present 
on the margins of all cusps No abnormality 
was found in any other valve The cavity of the 
left ventricle was moderately dilated and the 
ventricular wall slightly thickened The other 
chambers appeared normal Atheromatous changes 
were present m the coronary arteries but were not 
severe 

Histology The wall of the aneurysm consisted 
of three layers, an outer layer of fibro-elastic tissue 
(the atrial endocardium), a middle layer of muscle, 
and a thick inner layer of fibrous tissue The 
inner and middle layers were separated by small 
islands of elastic tissue which could be traced from 
the wall of the aneurysm into the elastic layer of the 
aortic media Embedded in the inner layer were 
small areas of calcification The aneurysm was 
partly lined by organizing thrombus which was 
sometimes covered by a thin layer of fibrous tissue 
In the aortic adventitia adjacent to the aneurysm, 
there was a widespread, mainly polymorphonuclear, 
inflammatory reaction which had, at one point, 
spread into the aneurysm wall Newly formed 
fibrous tissue extended from this area to the inner 
wall of the aneurysm and into the vegetations on the 
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Fig 7 — Case 4 From a droning of the heart (A) Aortic and left \entrladar aspect 
The arrow indicates the aneurysm across its mouth a strip of tissue represents the 
remains of the non-coronary aortic cusp below this lies the large perforation of 
the cusp ( B ) The remaining part of the anterior aortic cusp has been removed to 
reveal the extent of the aneurysm The vegetations of bacterial endocarditis are 
visible in (A) and (B) 
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8 -Case 4 From a dran mg of the atnal aspect of thcancun sm The atnal 
septum wh.ch crosses the aneurysm has been cut The left atnum and he 
mitral valve (M) he to the left of the cut edge, the nght atnum and the 
tricuspid valve (T) to the nght 


non-coronary cusp The aortic media was entirely 
free from inflammatory changes The normal 
architecture of the non-coronary cusp was greatly 
distorted and much calcification was present The 
histology of the mitral valve was normal Sections 
from the ventricular septum showed a diffuse, 
fairly acute, myocarditis 

The aneurysm might have de\ eloped owing to the 
bactcnal endocarditis, or it could have been of 
congenital origin and the focus for the bacterial 
endocarditis It is not difficult to understand how 
the bactcnal endocarditis could have led to this 
aneurysm for the position of the inflammatory 
reaction in the aorta was such that it might have 
caused a separation of the annulus fibrosus from the 
aortic media, thus exposing the muscle of the atna, 
which would be stretched by the intra-aortic pres- 
sure to form the aneurysm In another case of 
subacute bacterial endocarditis we have seen the 
first stage of this process, for the annulus fibrosus of 
the non-coronary aortic cusp had been separated 
from the aortic media by a gap of 2 mm , through 
this gap blood had penetrated to form a haematoma 
between the annulus fibrosus and the atnal muscle 
If this had occurred in the present case and the 
reparation had extended to expose the atnal muscle 
thrombosus would have occurred on the exposed 


muscle surface and subsequent organization could 
have given nse to the fibrous lining or the ancuiysm 
The mode of formation thus resembles that in 
Case 3, but there the dissection started in the right 
coronary sinus and blood leaked into the loose 
subpencardiac tissues forming a hxmatoma In 
the present case the leakage was limited by the close 
relationship of the non-coronary sinus to the atrial 
muscle, so a large hxmatoma could not form NVc 
believe this to be the probable explanation of the 
histological structure of the aneurysm wall, so we do 
not suggest a congenital origin in this case The 
absence of other congenital anomalies, which nearly 
always accompany congenital sinus aneurysms, 
supports this conclusion There was no proof of an 
old lesion of the aortic valve upon which the bacterial 
endocarditis could have arisen, but the valve was 
so greatly deformed by the infection that old 
rheumatic disease cannot be excluded 
Cases 3 and 4 illustrate the difficulty that may be 
encountered in deciding the setiology of sinus 
aneurysms, and emphasize the importance of ade- 
quate histological examination in these cases 

Discussion 

Aneurysms of the aortic sinuses may be divided 
into two groups, acquired (so-called “spontan- 
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Fig 7 — Case 4 From a drawing of I he heart (A) Aortic and left rentrlcnlar aspect 
The arrow indicates the aneurysm across its mouth a strip of tissue represents the 
remains of the non-coronar} aortic cusp below this lies the large perforation of 
the cusp ( B ) The remaining part of the anterior aortic cusp has been removed to 
reveal the extent of the aneurysm The vegetations of bacterial endocarditis are 
visible in (A) and (B) 
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Fig 8 —Case 4 From a drawing of the atrial aspect of the aneurism The atria! 
septum which crosses the aneurysm, has been cut The left atrium and the 
mitral valve (M) lie to the left of the cut edge, the right atrium and the 
tricuspid valve (T) to the right 


non-coronary cusp The aortic media was entirely 
free from inflammatory changes The normal 
architecture of the non-coronarv cusp was greatly 
distorted and much calcification was present The 
histology of the mitral valve was normal Sections 
from the ventricular septum showed a diffuse, 
fairly acute, myocarditis 

The aneurysm might have developed owing to the 
bacterial endocarditis, or it could have been of 
congenital origin and the focus for the bacterial 
endocarditis It is not difficult to understand how 
the bacterial endocarditis could have led to this 
aneurysm for the position of the inflammatory 
reaction in the aorta was such that it might have 
caused a separation of the annulus fibrosus from the 
aortic media, thus exposing the muscle of the atna, 
which would be stretched by the mtra-aortic pres- 
sure to form the aneurysm In another case of 
subacute bacterial endocarditis we have seen the 
first stage of this process, for the annulus fibrosus of 
the non-coronary aortic cusp had been separated 
from the aortic media by a gap of 2 mm , through 
this gap blood had penetrated to form a hsematoma 
between the annulus fibrosus and the atnal muscle 
If this had occurred in the present case and the 
separation had extended to expose the atrial muscle, 
thrombosus would have occurred on the exposed 


muscle surface and subsequent organization could 
have given rise to the fibrous lining of the aneurysm 
The mode of formation thus resembles that in 
Case 3, but there the dissection started in the right 
coronary sinus and blood leaked into the loose 
subpericardiac tissues forming a htematoma In 
the present case the leakage was limited by the close 
relationship of the non-coronary sinus to the atrial 
muscle, so a large hsmatoma could not form We 
believe this to be the probable explanation of the 
histological structure of the aneurysm wall, so we do 
not suggest a congenital origin m this case The 
absence of other congenital anomalies, which nearly 
always accompany congenital sinus aneurysms, 
supports this conclusion There was no proof of an 
old lesion of the aortic valve upon which the bacterial 
endocarditis could have arisen, but the valve was 
so greatly deformed by the infection that old 
rheumatic disease cannot be excluded 

Cases 3 and 4 illustrate the difficulty that may be 
encountered m deciding the Etiology of sinus 
aneurysms, and emphasize the importance of ade- 
quate histological examination in these cases 

Discussion 

Aneurysms of the aortic sinuses may be divided 
into two groups, acquired (so-called “ spontan- 
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eous ’) aneurysms, which arise m a diseased 
aorta, and aneurysms due to developmental defects 
Since there appear to be important pathological, 
radiological, and clinical differences between the 
two types, which have not usually been described 
separately, we have considered it worthwhile to 
compare verified cases from both groups including 
our own cases and have collected 25 reported cases 
of congenital sinus aneurysms proved at necropsy, 
together with 22 acquired aneurysms confined to the 
aortic sinuses and confirmed pathologically We 
have not included acquired aneurysms reported 
prior to 1914 since these were often inadequately 
described and the tetiological importance of syphilis 
was not appreciated The sources of these cases 
are given below 


Congenital Aneurysms 

RCS* Thurnam (1840), Beck (1842), 
Rickards (1881), Chartens (1883), Livingston 
(1883), Cayla (1885), Kryzwicki (1889), White 
(1892), Kraus (1902), Hart (1905) 3 cases, 
Epptnger (1916), Abbott (1919), Jacobi and 
Heinrich (1933), Hirschboeck (1942), King (1942), 
Macleod (1944), Our cases 1 and 2 
NCS* Goehrmg (1920), Laedench and 
Pomeau-Delville (1928), Duras (1944), Kawasaki 
and Benenson (1946), Herson and Symons (1946) 

Acquired Aneurysms 

RCS* Smith (1914) Cases 1 and 2, Noack 
(1919), Scott (1924) Case 1, Sheldon (1926), 
Abbott (1932), Benson, Hunter, and Manlove 
(1933) Case 1, Snyder and Hunter (1934) Case 2, 
Schuster (1937), Hamilton-Paterson and Castleden 
(1942) Case 3, Our case 3 
NCS* Marty and Froncm (1924), Norris 
(1932), Higgins (1934), Wnght (1937), Our case 4 
LCS * Scott (1924) Case 2, Abbott (1932), 
Benson, Hunter, and Manlove (1933) Case 2, 
Snyder and Hunter (1934) Case 1, Ostrum, Robin- 
son, Nichols, and Widman (1938) Case 5, Chipps 
(1941) 


Morbid Anatomy 

The figures below refer to the number of cases in 
which the feature mentioned has been recorded, 
since the descriptions are often insufficient, the 
figures are necessarily incomplete 


Congenital Aneurisms (25) 
Smusimohed RCS 20, NCS 5, LCS 0 
Origin from sinus Sac with round or oval opening 
0 5 to I 5 cm sinus not dilated, 12 


Whole 


sinus dilated, no separate aneurysmal sac, 2 
Both dilated sinus and aneurysmal sac 2 
Position of opening in sinus RCS right half 3 
rentral, 2, left half, 4 NCS Adjacent to 
R C S , 3, central, 2 
Size None larger than 4 cm diameter 
Shape Globular, unless ruptured, then collapse, 
unless thickened, to form fistulous channel l 5 
to 2 5 cm long 

Walls Thm, often transparent, but occasionally 
thickened 

Cardio-aortic fistula RCS 17 led to fistula;, 13 
to conus of right yentncle, 2 to right atrium, 

2 to left ventricle, 1 to pulmonaiy artery ’ 
Fistula: due to rupture of aneurysm, 12 pro- 
bably present from birth, 5 NCS 4 ruptured 
into right atnum No congenital aneurism 
ruptured outside heart 

Encroachment on mtracardiac structures RCS 
Pulmonary valve, 6, tricuspid valve, 5 ven 
tncular septum, 2, right ventricle, 1, both 
ventricles, 1 NCS Right atnum 5, tn 
cuspid valve, 3, conducting bundle, I 
Aortic incompetence RCS 4 
Associated lesions Congenital 23 Anomalies 
of aortic cusps, 15 (bicuspid, 6, much enlarged 
cusp, 4, rudimentary cusp, 1 , thickened cusp, 
4, calcified cusp, 2, fenestrated cusp, 2) 
Subaortic stenosis, 2 Abnormal extension of 
annulus fibrosus, 2 Ventricular septal defects, 
10 (bulbar, 3, probably bulbar, 6, ruptured 
ventricular septal aneurysm, 1) Coarctation 
of the aorta, 2 Pulmonary conus stenosis 1 
Single coronary artery, 1 Patent foramen 
ovale, 1 

Acquired Subacute bacterial endocarditis, 6 
Rheumatic heart disease, 1 
Cardiac enlargement Myocardial hypertrophy, 20, 
enlargement both ventricles, 14, mainly left 
ventricle, 4, mainly right ventricle, 4 
Heart k eight Less than 300 g , 3 350 to 

450 g, 2, 500 to 650 g, 5 
Summary Congenital sinus aneurysms have 
been confined to the right coronary sinus and the 
adjacent two-thirds of the non-coronary sinus 
They are always small but owing to their thin walls, 
commonly rupture to form cardio-aortic fistula; 
(2] of 25) usually communicating bctxvccn the right 
coronary sinus and the right ventricle, or between 
the non-coronary sinus and the right atnum 
They remain entirely mtracardiac and do not 
affect extracardiac structures nor rupture out- 
side the heart, but frequently cause disturbance of 
mtracardiac structures, especially the pulmonary 


NCS Non-coronary sinus 


♦RCS Right coronary sinus 


L.CS Left coronary smus 
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Fig 9 — Formation of the bulbar septum Fusion of 
the aortico-pulmonary and the proximal and distal 
bulbar septa occurs last at the areas represented as 
gaps The suggested defects which may arise at 
these sites are indicated on the right 

valve, which is often interfered with by right coron- 
ary sinus aneurysms, and the tricuspid valve which 
may be encroached upon by aneurysms arising in 
either sinus Congenital sinus aneurysms are nearly 
always associated with other developmental faults, 
usually anomalies of the aortic cusps or bulbar 
ventricular septal defects Apart from bacterial 
endocarditis, acquired heart disease has occurred 
in only one case 

Acquired Aneurysms (22) 

/Etiology Associated with syphilis, 17, with 
bacterial endocarditis, 4, dissecting, 1 , athero- 
matous, 1 

Sinus imolved 7? C .S' 11 NCS 5 LCS 7 
Size Often very large, e g admitting two fists 
Rupture R CS 7 (right ventricle, 1 , pulmonary 
artery, 2, pericardium, 1, left pleural cavity, 
1, externally, 2) NCS 3 (right atrium, 2, 
pericardium, 1) LCS I (pulmonary artery) 
Encroachment of intracardiac structures R C S 
Pulmonary artery, 1 , right coronary artery, 4, 
tncuspid valve, 1, septum and conducting 
bundle, 1 NCS 0 LCS Pulmonaiy 
artery , 2 , left atnum, 3 , left coronary artery, 2 , 
left \cntncle, 1 , mitral valve, 2 
/tssocioicd lesions Aortic incompetence, 8 
(syphilitic, 6, bacterial endocarditis, 2) Bi- 
cuspid aortic vahe, 2 
2a 



p IO jo —Formation of the aortic cusps Growth of the 
cusps indicated by interrupted lines Only two cusps 
can be related to the bulbar septum 


Summary Acquired sinus aneurysms may arise 
from any of the aortic sinuses Owing to their 
large size they tend to extend upwards, often becom- 
ing extracardiac and rupturing outside the heart 
Cardio-aortic fistula: were present in only 6 cases 
They encroach upon intracardiac structures less 
often than congenital aneurysms Congenital 
cardiac defects were present in only two cases, but 
acquired heart disease was invariably present, 
usually syphilis or bacterial endocarditis 

Embryology 

Congenital sinus aneurysms are believed to arise 
from defective development of the distal bulbar 
septum This structure separates the systemic 
and pulmonary halves of the bulbus cordis, the 
primitive exit tube of the heart It arises by endo- 
thelial outgrowths from each side of the bulbus 
cordis, and is completed by fusion distally with the 
aorto-pulmonary septum and proximally with the 
proximal bulbar septum, which represents the bulbar 
part of the ventricular septum (Fig 9) 

Congenital weaknesses are likely to develop at 
points of fusion, that is, distally, where the distal 
bulbar septum fuses with the aorto-pulmonary 
septum, between the two halves of the distal bulbar 
septum, and proximally where the distal meets the 
proximal bulbar septum (Fig 10) It is reasonable 
to suppose that congenital aorto-pulmonary fistute 



MORGAN JONES AND LANGLEY 


develop at the distal site, aortic smus aneurysms 
and cardio-aortic fistulse at the intermediate site, 
and bulbar septal defects at the proximal site of 
fusion 

Although all the aortic sinus aneurysms collected 
by Abbott (1919) arose from the right coronary 
sinus, aneurysms undoubtedly arising from the non- 
coronary sinus have been subsequently reported, 
but there is no reported instance of a congenital 
aneurysm arising from the left coronary sinus 
From Fig 10 it is clear that only two sinuses can be 
related to the distal bulbar septum, so it is not 
surprising that these aneurysms are confined to the 
right coronary and non-coronary sinuses 

Micks (1940) collected three cases of aneurysmal 
dilatation of all three aortic sinuses and added a 
new case, Brown (1939) also mentions a similar 
case Micks tentatively suggested that such cases 
might be of developmental origin, but since neither 
syphilis nor cystic medical necrosis was excluded by 
adequate histological examination in any of these 
cases, we do not regard their developmental origin 
as proven 

Clinical Features of Congenital Sinus 
Aneurysms 

Patients with congenital sinus aneurysms are 
usually male (19 of 24) Signs and symptoms might 
anse from ( a ) a cardio-aortic fistula, (b) interference 
with intracardiac structures, (c) other congenital 
defects, or ( d ) bacterial endocarditis 

Cardio-aortic fistula A defect in the wall of an 
aortic sinus gives rise either to a congenital cardio- 
aortic fistula or to aneurysmal dilatation of the 
sinus that leads to a cardio aortic fistula by rupture 
later in life, signs and symptoms due to the fistula 
may therefore either be present from birth or appear 
suddenly in later life 

Congenital cardio-aortic fistula Five of the 
twenty-one fistulas are believed to be congenital 
In one case death occurred from pulmonary atelec- 
tasis ten days after birth and in another enterocolitis 
led to death at four months old, the aneurysms 
were incidental necropsy findings In two other 
cases cardiac symptoms were minimal until two 
months and three years prior to death from heart 
failure at ages of 30 and 31, both patients had 
multiple congenital cardiac lesions including septal 
defects The remaining patient never had cardiac 
symptoms, and death at age of 53 followed two 
weeks illness of unknown nature associated with 
severe vomiting and abdominal pain Thus, death 
was due to intercurrent disease in three cases, and in 
the other two cases cardiac symptoms did not 
appear until the end of the third decade 


Cardio-aortic fistula due to sinus aneurism 
rupture Eppmger (1916) has described the event 
of rupture A man of 43, previously fit and active, 
was climbing a mountain and bent down to lift a 
heavy stone, when about to cast this aside he was 
seized by a sudden pain in the chest and immediately 
noticed a “ whimng ” sensation in the mid-sternal 
area “like a half-filled bottle being shaken” 
in the chest These sensations gradually diminished 
in seventy and he was soon able to lead the way 
down the mountain Eight days later he noticed 
difficulty in breathing and palpitation and soon 
became unable to walk more than a few steps, he 
was confined to bed and treated with digitalis 
without improvement, he developed cedema and 
died nine months later 

Of 25 congenital aneurysms, 15 are believed to 
have ruptured dunng life, in 6 cases death followed 
within five weeks and 6 died between two and 
thirteen months Of the remaining 3 cases, one died 
four years after rupture due to further tearing 
of the aneurysm, a second died nine years later 
from bacterial endocarditis, and the third (our 
Case 2) survived seventeen years with intermittent 
failure, eventually dying with lobar pneumonia 
It therefore appears that the heart tolerates a 
congenital cardio-aortic fistula much better than its 
sudden development in later life, which usually leads 
to progressive heart failure, death occurring within 
a few weeks in over one-third of cases and within 
about a year in four-fifths of cases, in exceptional 
cases symptomatic recovery takes place, death being 
due to a second rupture or to intercurrent disease 
The physical signs of a cardio-aortic fistula arc an 
important feature of congenital sinus aneurysms 
for in only 4 of 25 cases was the aneurysm wall 
intact at death, in 13 cases the fistula led to the 
right ventricle, in 6 cases to the right atrium, in 
1 case to the left ventricle, and there was an aorto 
pulmonary fistula m the remaining case 
Both patency of the ductus arteriosus and aorto 
pulmonary communications (Shephcard, Park, and 
Kitchell, 1944) give rise to a systolic diastolic 
murmur at the base of the heart and a collapsing 
pulse But a communication between the greater 
and lesser circulations lying below the valve cusps 
as in ventricular septal defect causes only a systolic 
murmur In cardio-aortic fistula: one end of the 
fistula lies above the cusps, and one below, but there 
is no doubt that the associated murmur usually 
extends into diastole This was so when there was 
no other congenital lesion (our Case 2) or only 
congenital lesions associated with systolic murmurs 
(10 cases) The character of this systolic diastolic 
murmur is striking for it is often described as 
superficial, simulating pericardial friction, and 
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nearly always coarse, harsh or rasping m character, 
accompanied by a thrill, usually systolic, but in 
Abbott’s (1919) case there was a diastolic thrill so 
intense that it could be felt through the bedclothes 
The systolic and diastolic components may merge 
into each other to form a continuous murmur so 
that the cardio-aortic fistula murmur is more likely 
to be confused with the murmurs of patency of the 
ductus or of a congenital aorto-pulmonary com- 
munication than with the to-and-fro murmurs of 
acquired aortic valve disease The cardio-aortic 
fistula murmur tends to be lower m position than 
other continuous systolic-diastolic murmurs, and it 
was definitely louder in the third or fourth spaces than 
in either the second space in 6 of 9 cases m which 
this is recorded The physical signs are essentially 
similar whether the fistula leads to the right ventricle 
or the right atnum In the case reported by Herson 
and Symons (1946) the physical signs are of excep- 
tional interest for, at the age of 12, before rupture, 
there was only a loud musical systolic murmur, 
maximal at the inner ends of the fourth and fifth 
interspaces, presumably due to the associated 
ventricular septal defect, whereas after rupture at 
the age of 31 the typical systolic-diastolic murmur 
became audible 

(b) Interference h ith mtracardiac structures 
The aortic \ahe was often affected and was in- 
competent in 7 cases, probably due to distortion by 
the aneurysm m 4 cases There do not appear to 
have been striking symptoms until the aneurysm 
ruptured or bacterial endocarditis developed The 
tricuspid sahe was involved in 8 cases In only 2 
was a clinical diagnosis of tricuspid disease made, 
in these cases a systolic murmur was heard at the 
lower end of the sternum and hepatic pulsation 
was present In 2 others, the necropsy findings 
suggested significant interference with the tricuspid 
valve, but in all 4 the patients had apparently 
been well and active until their aneurysms ruptured 
thirteen months, one month, four and a half weeks, 
and ten days before death The pulmonary valve 
cusps were pushed aside in 5 cases , in none of these 
was pulmonary valve disease suspected during life, 
although pulmonary incompetence was diagnosed in 
another case in which the valve was not affected 
Pressure on the conducting bundle was believed 
to have led to the complete heart block in one case 
and pressure on the A-V node was regarded as the 
cause of A-V nodal rhythm m the other case 
Encroachment upon the cardiac chambers has often 
occurred, but there is no evidence that it has im- 
paired cardiac efficiency 

(c) Associated congenital cardiac defects If a 
cardio-aortic fistula is present, its signs and symp- 
toms overshadow those of other less sinking con- 


genital lesions, which can be studied only in cases 
with unruptured aneurysms and by reviewing the 
history prior to rupture m other cases In two 
cases with unruptured aneurysms no clinical details 
are available, and in the other two there were 
no symptoms until bacterial endocarditis developed 
in the one case and Stokes-Adams attacks m the 
other Of 15 patients whose aneurysms ruptured 
there were no cardiac symptoms prior to rupture 
in 14, and in the remaining one the incapacity 
was due to bacterial endocarditis Ventricular 
septal defects were present m 6 cases, aortic in- 
competence in 3 cases, and slight coarctation of the 
aorta in 2 cases The congenital defects associated 
with aortic sinus aneurysms appear to be of an 
almost asymptomatic type 

(d) Subacute bacterial endocarditis Of 6 un- 
ruptured aneurysms, 4 became infected, 2 of these 
subsequently ruptured Of 13 aneurysms that 
ruptured during life only one subsequently became 
infected, and that nine years later The short dura- 
tion of life after rupture may account for the rarity of 
subsequent infection None of the five congenital 
communications became infected Age does not 
appear to be a factor in determining the preponder- 
ance of infection m unruptured aneurysms, for the 
average age at death was similar in all groups and 
bacterial endocarditis developed at ages from 
one and a half to 56 years 

Causes of Death 

Heart failure was the cause of death in 15 of 
25 cases, and in 12 could be attributed to rupture, 
m 2 to congenital cardio-aortic fistulae, and in 1 
to rheumatic heart disease associated with an 
unruptured aneurysm Bacterial endocarditis led 
to death in 6 cases, and intercurrent disease was the 
immediate cause of death in 4 cases Thus, nearly 
two-thirds of these patients died from heart failure, 
usually due to the cardio-aortic fistula, and one 
quarter from subacute bacterial endocarditis 

In this summary of the clinical features of con- 
genital sinus aneurysms the signs and symptoms 
associated with a cardio-aortic fistula have been 
emphasized, for this complication is present in the 
majority of cases, dominates the clinical picture by 
its often dramatic onset and striking physical signs, 
and usually leads to heart failure which is the com- 
monest cause of death By comparison, the effects 
of local extension of the aneurysm and the signs of 
other congenital defects are unimportant 

Radiography 

Congenital sinus aneurysms are usually small and 
almost always project into a cardiac cavity rather 
than externally It is therefore not surprising 
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to find that, in six published cases in which radio- 
logical findings are given, and in our two cases, no 
evidence of localized ' aneurysmal swelling was 
observed Roesler (1943) and Ostrum et a! (1938) 
have described small projections from the vascular 
pedicle, often evident only in the oblique views, in 
cases of sinus aneurysm, but we conclude that these 
observations relate to the acquired variety In 
eight cases with radiological findings, the heart was 
enlarged in all In seven of them a cardio aortic 
fistula was present and probably responsible for the 
enlargement, in the remaining case a ventricular 
septal defect and aortic incompetence were present 
The available evidence indicates that the enlargement 
involves both ventricles The aortic shadow was 
not abnormal in four cases where this point is 
recorded 


Electrocardiography 

Only two electrocardiograms have been published, 
and the findings are described in three other cases 
Including our two cases, we have information about 
the standard limb leads in only seven cases In 
two cases right axis deviation was associated with 
signs suggestive of aortic incompetence, though 
actually due to the cardio-aortic fistula, some 
diagnostic significance was assigned to this associa- 
tion by Hirschboeck (1942) and Herson and Symons 
(1946) but it has not occurred in the other cases, 
left axis deviation being present in three cases 
Complete heart block and auricular fibrillation have 
each occurred in one case The electrocardiographic 
findings are so inconstant that they give little assist- 
ance in diagnosis 


Diagnosis of Congenital Sinus Aneurysms 
An unruptured congenital aortic sinus aneurysm 
is almost asymptomatic and without physical or 
radiographic signs, though the presence of congenital 
heart disease may be recognized by the signs of an 
associated lesion such as a bulbar septal defect 
Unruptured sinus aneurysms are, however, very 
prone to become infected, as we have shown, and 
when bacterial endocarditis develops in a heart 
apparently previously healthy, this is one of the 
silent underlying lesions that may be suspected 
The situation is quite different when a cardio- 
aortic fistula is present, either congenital or due to 
the rupture of a sinus aneurysm, for this is associated 
with striking physical signs and, if due to rupture in 
later life, with a dramatic clinical history Eppinger 
(1916) was able to make a correct clinical diagnosis 
in his case by comparing the event of rupture during 
effort and the physical signs that followed with the 
similar case described by Kraus (1902) Rupture of 


a congenital sinus aneurysm is perhaps most likely 
to be confused with rupture of an aortic cusp 
though this is usually associated with either syphilis 
or bacterial endocarditis If these two diseases can 
be excluded rupture of a sinus aneurysm may 
justifiably be suspected, unless it is to be admitted 
that a healthy aortic cusp can rupture owing to 
exceptional trauma In this differential diagnosis 
the physical signs will be helpful for the characteristic 
harsh, superficial, systolic-diastolic murmur often 
accompanied by a thrill, maximal in the third left 
interspace near the sternum should differentiate a 
cardio-aortic fistula from aortic incompetence but 
the accompanying Comgan pulse gives little help 
for it is present in both conditions 
It is more doubtful whether a precise diagnosis 
can be made when the cardio-aortic fistula is present 
from birth for the advantage of the characteristic 
history of rupture is lost The nature of the mur- 
murs and their presence from early life will suggest a 
congenital heart lesion but it will almost certainly 
be impossible to distinguish between an aorto- 
pulmonary fistula and a cardio-aortic fistula and 
the differential diagnosis from patency of the ductus 
arteriosus may be difficult The more superficial 
and harsher murmurs situated unusually low for 
that of a patent ductus, and the more striking 
Comgan pulse, may lead to the suspicion of a 
cardio-aortic fistula, but these qualities arc merely a 
matter of degree and it must be admitted that no 
reliable differential sign is available Electrocardio 
graphy and radiography will give little help unless an 
enlarged pulmonary artery suggests patency of the 
ductus, for it has not occurred in aortic sinus 
aneurysms Since surgical ligation of the ductus 
has become commonplace, it is fortunate that 
congenital cardio-aortic fistula: are rare 

Summary 

The nomenclature of the aortic sinuses is discussed 
and the topography of the aortic root illustrated 

Four cases with aortic sinus aneurysms two 
congenital and two due to aortic disease arc 
desen bed 

Including these cases, a verified scries of 25 con- 
genital and 22 acquired sinus aneurysms has been 
collected 

The pathological features of the condition arc 
illustrated by an analysis of this scries of cases 

The embryology of congenital sinus aneurysms 
is briefly discussed 

The clinical features of congenital sinus aneurysms 
are described and diagnosis is discussed Attention 
is directed to the striking clinical features associated 
with a cardio-aortic fistula 
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When a congenital sinus aneurysm ruptures in 
later life we may, from the combination of history 
and physical signs, expect to recognize the presence 
of cardio-aortic fistula, if a congenital cardio 
aortic fistula is present the existence of a congenital 
heart lesion will be manifest and, from the physical 
signs we may suspect the presence of a congenital 
cardio-aortic fistula or an aorto-pulmonary com- 
munication Finally, although we cannot hope to 
diagnose an unruptured aortic sinus aneurysm, it is, 
like a bicuspid aortic valve, one of the silent con- 
genital lesions to be suspected when bactenal 
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endocarditis develops m a heart apparently pre- 
viously healthy 
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In the initial stages of rheumatic fever, carditis 
can usually be diagnosed with ease, since the 
significant murmurs are almost always to be heard 
In the presence of polyarthritis, pyrexia, and raised 
sedimentation rate, it can be safely assumed that 
this carditis is active It may, however, be extremely 

difficult to determine how long such activity persists 
the temperature and pulse rate may be normal, 
the electrocardiogram may show no gross changes, 
and such laboratory tests as are performed may 
show no abnormality, and yet, in some of these 
cases, it seems probable that carditis is still active 
This study is an attempt to use electrocardiographic 
data to supply criteria of such sub-clinical activity 
Donders (1868) originally studied the duration of 
systole on the radial plethysmograph Two years 
later Garrod (1870), using the same technique, 
evolved a formula for correcting the first, or systolic 
portion of the plethysmograph, for heart rate, and 
suggested that alterations in the duration of systole 
might be useful m the diagnosis of heart disease 
Berliner in 1931 first noted that prolongation of 
the Q-T interval of the electrocardiogram occurred 
in rheumatic valvular disease Drawe et al (1937) 
measured the Q-T interval in 100 rheumatic and 
100 normal children They showed that 25 per cent 
of the former and 4 per cent of the latter were above 
the upper limit of normal as judged by Ashman and 
Hull’s (1937) criteria They did not state, however, 
whether acute carditis was present when this 
measurement was taken Taran and Szilagyi 
(1947) found that the duration of electrical systole, 
both absolute and relative to diastole, was signi- 
ficantly lengthened in all cases of acute rheumatic 
carditis They further stated that this prolongation 
was not a function of the cardiac rate, but rather 
of the seventy of the disease, that this prolongation 
preceded all other laboratory entena of rheumatic 
activity, and that it did not return to normal until 
long after al! other diagnostic signs had reverted to 
normal 


In view of the importance of this statement an 
investigation was undertaken to see whether pro- 
longation of the Q-T interval was a reliable index 
of active carditis and whether it could prove of 
prognostic significance 

Material 

In all, 134 cases were studied The patients were 
under treatment in the special unit for juvenile 
rheumatism at the Canadian Red Cross Memorial 
Hospital, Taplovv, no special selection of cases was 
made Some were local patients, admitted in the 
initial stages of the rheumatic attack, but the 
majority were transferred from other institutions, 
provincial and metropolitan, throughout Great 
Britain, where they had already been under treat- 
ment for varying periods of time The majority of 
the patients were children (sec Table I) 

TABLE I 
Age Distribution 

0- 5 years 6 cases 

6-10 years 56 cases 

11-15 years 50 cases 

16-20 years 13 cases 

Over 20 years 9 cases 

On admission to hospital the cases were divided 
clinically into one of three main groups, those 
presenting evidence of active carditis those pre- 
senting evidence of inactive carditis, and those cases 
in which no clinical carditis was detectable Carditis 
was diagnosed clinically by the presence of one or 
more of the following a diastolic murmur cardiac 
enlargement, the presence of a pericardial friction 
rub, tachycardia out of proportion to elevation of 
temperature, and grosser electrocardiographic 
changes such as prolongation of P-R interval 
Activity was recognized by pyrexia, tachycardia, 
and raised sedimentation rate 
The group of cases of active carditis was further 
subdivided into those patients who showed a steady 
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uninterrupted recovery and those who showed 
evidence of prolonged rheumatic activity 

TABLE II 

Classification According to Degree of Carditis 
or Absence of Carditis 

1 Carditis 

(i) Active carditis 

fa) Uninterrupted recovery 55 cases 

(6) Prolonged activity _4£ cases 

100 cases 

(if) Inactive carditis 12 cases 


the corrected Q-T or Q-Tc for short This method 
and nomenclature have been adopted here 
Various values for the upper limit of Q-Tc have 
been laid down by different workers, Bazett (1920), 
Hegglin and Holzman (1937), Ashman and Hull 
(1937), and Taran and Szilagyi (1947) For this 
study electrocardiograms were taken on a short 
senes of normal subjects, the upper limit of normal 
for Q-Tc was found to conform to Ashman and 
Hull’s criteria which, accordingly, were adopted 
Therefore the upper limit of the normal for Q-Tc 
has been taken as 0 422 second for men and children 
and 0 432 second for women 


2. No carditis _^2 cases 

134 cases 

Methods 

All electrocardiograms were taken on an American 
Cambridge continuous film electrocardiograph 
The time marker was accurately checked against an 
oscillator of known frequency All recordings were 
taken with the patient semi-recumbent at an angle 
of thirty degrees to the horizontal, Lombard and 
Cope (1919) having shown that systole varied with 
posture, being longer in the standing position 
The absolute Q-T interval vanes slightly from 
complex to complex, as does the cycle length, but 
Katz (1921) showed that, while cycle length and the 
length of systole may vary phasically, these vana- 
tions are not synchronous nor of like degree To 
obviate distortion of cycle length by sinus arrhyth- 
mia, which in some cases was marked, the heart rate 
was calculated by counting the complexes over the 
entire length of tracing taken, covering at least two- 
thirds of a minute and usually one minute The 
average cycle length was then calculated from the 
heart rate 

The Q-T interval was measured from the begin- 
ning of the Q wave until the end of the T wave in 
the standard lead in which the T wave was highest 
This was usually lead two At least six complexes 
were measured with calipers under a magnifying lens 
and the average length of the Q-T interval was taken 
The absolute duration of Q-T depends upon the 
heart rate, and thus measurements must be corrected 
for heart rate before they can be compared Numer- 
ous formula; exist for this correction (Lombard 
and Cope, 1919, Fndencia, 1920, Ashman and 
Hull, 1 937 , Schlamowitz, 1946) All these formula: 
have been criticized, but the square root formula 
devised by Bazett (1920) is generally agreed to be one 
of the most reliable, and, because of its simplicity 
has been used ln thls study Xaran and Snlagy ; 

"47) ^used Bazett s formula but expressed it as 
K = VC [where C=c y cle length] They called K 


Results 

(1) Q-Tc and heart rate It is imperative that 
any formula which is employed to correct Q-T for 
cycle length must not be distorted by extremes of 
heart rate Bazett’s formula was tested as shown 
in Fig 1, in which 426 measurements of Q-Tc from 
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Fig 1 — Q-Tc correlated with heart rate 


80 patients, both with and without carditis, are 
plotted against the heart rate 
The longest values for Q-Tc occurred with neither 
the slowest nor the most rapid heart rates, but did 
in fact appear at heart rates between 80 and 120 
In the presence of active carditis it is natural that 
this degree of tachycardia should obtain 
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TABLE m 

Relation of QTc to Presence of Carditis and 
to its Degree of Activity 


Number of cases with carditis 

Number of cases 


Active 

' Inactive 

without carditis 

Q-Tc prolonged 

90 

5 

11 

Q-Tc normal 

10 

7 

11 

Total 

100 

12 

i 

22 


(2) Q-Tc correlated with carditis Table HI 
shows that the Q-Tc was prolonged in ninety of 
a hundred cases of active carditis In the re- 
maining ten cases the Q-Tc was within normal 
limits Two of these patients had suffered previous 
pericarditis which was shown by Tung (1941) to 
shorten Q-Tc In the remaining eight cases no 
factor was present that is known to shorten the 
Q-Tc In this senes the upper limit of normal was 
taken as 0 422 second for children as opposed to 
0 405 second used by Taran and Szilagyi (1947) 
This may explain why only 90 per cent of these cases 
of active carditis showed a prolonged Q-Tc against 
100 per cent in Taran and Szilagyi's senes Out of 
twelve cases with rheumatic heart disease, which 
were considered inactive on admission, five showed 



DAYS 

Fig 2 —Behaviour of Q-Tc in six cases in Group 1 (a) 


a prolonged Q-Tc There was no other evidence of 
active carditis, but data given later in this paper 
tend to prove that this did exist Of twenty-two 
cases considered to show no evidence of a heart 
lesion clinically, eleven cases showed a prolonged 
Q-Tc Four of these cases were shown to have 
suffered carditis by the subsequent appearance of 
significant murmurs It therefore seems probable 
that some of the remaining seven patients in this 
group suffered minimal cardiac damage, unrev ealcd 
by any of the catena upon which a clinical diagnosis 
of carditis was made 

(3) Q-Tc \ aria lion during the course of rheumatic 
fever The behaviour of Q-Tc was studied, both m 
patients making a rapid recovery from the rheu 
roatic attack (Table II, Group (a)) and those showing 
prolonged rheumatic activity (Group (b)) The 
behaviour of Q-Tc m six cases belonging to Group 
(a) is shown in Fig 2 and demonstrates the return 
of Q-Tc to normal with recovery 

Fig 3 shows the behaviour of a typical Group (o) 



DAYS 

p [G 3 — Behaviour of Q-Tc in a typical case in 
Group 1 (a) 
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case This patient was admitted in the initial stages shows the shortening of Q-Tc in two normal 
of her third attack of rheumatic fever Mitral patients when digitalis was exhibited In neither 
stenosis, due to previous rheumatic carditis, was of these patients was the direction of the T wave 
present as witnessed by a presystohe murmur seen to change in the electrocardiograms sub- 
On admission the sedimentation rate was raised and sequent to the administration of digitalis 
the Q-Tc was grossly prolonged, which was taken Fig 7 illustrates the effect on Q-Tc of an exacer- 
as evidence of acute carditis in this attack With bation of rheumatic carditis When admitted, this 
recovery her Q-Tc reverted to normal patient was judged to be quiescent, following a 

Fig 4 and 5 demonstrate the behaviour of Q-Tc second attack of rheumatic fever The anti- 
m two patients of Group (b) showing evidence of streptolysin titre was 150 units, the sedimentation 
prolonged rheumatic activity, or what may be called rate was normal, and the Q-Tc was not prolonged 
chronic rheumatic carditis Fig 4 shows that Established heart disease was present and rheumatic 
although the sedimentation rate came down to nodules were noted He then developed scarlet 
normal occasionally, the Q-Tc was prolonged for fever, the Q-Tc immediately rose and at the same 
the whole of the 240 days covered by the graph time the P-R interval lengthened from 0 16 to 0 27 
Prolongation of Q-Tc may occur in chronic rheu- sec The antistreptolysin titre rose to 400 and 
matic heart disease without active carditis This later to 833 units The sedimentation rate also 
will be discussed later rose and he suffered a severe exacerbation of carditis 

Fig 5 illustrates another case in Group (b), in The P-R interval first came back to normal, this 
this instance complicated by congestive failure was followed by a return to normal of the sedimenta- 
Two points should be noted the steady fall in tion rate The Q-Tc, however, remained prolonged 
sedimentation rate with the onset of congestive In the present senes the P-R interval was always 
fadure, and the rapid shortening of Q-Tc on two found to be normal when the Q-Tc was within 
occasions when digitalis was exhibited This normal limits 

effect was noted by Cheer and Dieuiade (1931) (4) Correlation of Q-Tc and sedimentation rate 

This latter point is also dlustrated by Fig 6 which The sedimentation rate still remains one of the most 



F ' G 4 Bchaviour of Q~ Tc « chrome rheumatic carditis Group 1 (6) A.S T = Antistreptolysm “ O ” titre 
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Fig 5 Behaviour of Q-Tc in another case with chronic 
rheumatic carditis Note influence of digitalis on 
the length of Q-Tc and the fall m HSR with the 
onset of congestive failure 




Fig 6 —Effect of digitalis on Q-Tc m normal subjects 



important signs of rheumatic activity, accordingly, 
the duration of Q-Tc was compared with the 
sedimentation rate in patients with, and without, 
carditis The results are illustrated in Fig 8 
In Fig 8, 293 readings of Q-Tc from sixty 
patients with active carditis are plotted against the 
sedimentation rate on a semi-logarithmic scale 
and it will be seen that in general, the length of 
Q-Tc vanes directly as the sedimentation rate It 
will be noted, however, that some patients with 
active carditis show a short Q-Tc in spite of a high 
sedimentation rate, some of these patients were 
suffenng from pencarditis, and others were receiving 
digitalis, the effect of this drug on systole being 
well known Jt will also be observed that the 
Q-Tc was frequently prolonged when the sedimenta- 
tion rate was w'lthin normal limits Such observa- 
tions were made towards the end of the patients' 
stay m hospital, and illustrate the persistence of a 
long Q-Tc at a time when other evidence of activity, 
such a the sedimentation rate, had subsided 
Fig 9 shows 36 readings of 1 1 patients with 
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Fig 9 — Correlation of Q-Tc with ESR in patients 
with acute rheumatic fever without carditis 
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Fio 8 -Correlation of Q-Tc with ESR in patients with 
active carditis Compare Fig 9 

acute rheumatic fe\cr, but no clinical evidence of 
carditis, the Q-Tc is below the upper limit of normal 
in every case, and bears no relationship to sedi- 
mentation rate 

(5) Q-Tc and relapses These findings confirm 
laran s claim that prolongation of Q-Tc is a reliable 


index of active carditis It follows therefore that 
increase in physical activity in the presence of a 
prolonged Q-Tc might theoretically be expected to 
precipitate a relapse The relapses that occurred 
were analysed accordingly Fig 10 illustrates this 
point 

This child was admitted in the middle of a severe 
attack of rheumatic carditis The Q-Tc was grossly 
prolonged, the sedimentation rate was raised, 
erythema marginatum was noted, and a crop of 
nodules appeared After 90 days in hospital the 
Q-Tc and the sedimentation rate were within normal 
limits At this point she suffered another (S- 
haemolytic streptococcal infection, which was fol- 
lowed by a severe exacerbation of carditis, the 
Q-Tc rose and a slower rise m sedimentation rate 
occurred Rash and nodules re-appeared Two 
hundred and sixty days after admission the sedimen- 
tation rate, temperature, and pulse rate had returned 
to normal She was then considered clinically 
inactive and was allowed up, m spite of a prolonged 
Q-Tc An immediate relapse followed, accom- 
panied by a further rise in Q-Tc and sedimentation 




Fla 10 — The effect of an increase in physical activity in the presence of a prolonged Q-TC 


rate, necessitating return to bed The anti- 
streptolysin titre of 200 throughout this episode 
was very strong evidence against an occult strepto- 
coccal re-mfection and subsequent rheumatic 
recurrence 

The criteria for judging an exacerbation of rheu- 
matic carditis to be a relapse, rather than a recur- 
rence, must be specified and adhered to rigidly 
In much of the present senes essential data were not 
obtained and definite conclusions could not be 
drawn However, of twenty patients who appar- 
ently relapsed, fifteen were noted to have a long 
Q-Tc at the time that physical activity was increased 
There was no other evidence of active carditis in 
any of these patients This and other matenal is 
now under careful analysis to find out whether 
prolongation of Q-Tc at the time that physical 
activity is increased is a significant factor in causing 
relapses 


Discussion 

These results prove that prolongation of Q-Tc 
occurs m active rheumatic carditis, but throw no 
light on the mechanism of its production It is 
extremely doubtful jf alterations in the diastolic 
filling pressure, or m the diastolic volume of the 
cardiac chambers, can be responsible, as in the 
majority of cases the venous pressure is not raised 
clinically Prolongation of systole due to bio- 
chemical causes may be similarly discounted In 
the patients who make an uninterrupted recovery 
from an attack of rheumatic carditis, it would appear 
that this prolongation depends upon actual involve 
ment of the myocardium by the rheumatic process 

In chronic cases where the heart sufTcrs prolonged 
myocardial and valvular damage other factors are 
involved In this group, actual muscular hyper- 
trophy of the heart, consequent on valvular 
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deformity, may be responsible in part for prolonging 
Q-Tc Even minor degrees of ventricular hyper- 
trophy may now be detected by modem electro- 
cardiographic methods Prolongation of Q-Tc 
due to this cause has been noted by Berliner (1931) 
and Drawe et al (1937) Comparable lengthening 
occurs in hypertensive heart disease, in cardiac 
failure from any cause, and m some cases of con- 
genital heart disease, m particular, pulmonary 
stenosis In all these conditions hypertrophy of 
the heart may occur and it seems possible that this 
increase in the bulk of heart muscle may lead to 
prolongation of Q-Tc In cases in which the 
rheumatic process runs a severe and protracted 
course, giving nse to detectable ventricular hyper- 
trophy, it would be unwise to ascribe prolongation 
of Q-Tc entirely to active carditis, especially when 
other signs of rheumatic activity are absent 
First degree heart block was noted in a number of 
patients The incidence of this complication was 
not greater than has been previously described It 
was noted, however, that prolongation of the 
P-R interval never occurred when Q-Tc was within 
normal limits, although the reverse obtained very 
frequently 

Until more complete data are available it does not 
seem justifiable to enforce long periods of bed rest 
when a long Q-Tc is the only abnormal finding 


Further work on this aspect of the problem may be 
of great help in assessing the degree of physical 
activity that may safely be permitted in the 
individual case 


Summary and Conclusions 

Prolongation of Q-Tc is a valuable index of active 
carditis in rheumatic fever, and active carditis mav 
be detected by the presence of a prolonged Q-Tc 
long after all other clinical and laboratory criteria 
of activity have gone 

Prolongation of Q-Tc may be the onlv evidence of 
cardiac involvement in acute rheumatic fever 

In chronic rheumatic carditis, prolongation of 
Q-Tc may be due to causes other than active carditis 
Measurement of Q-Tc mav be of help in assessing 
the degree of physical activity that may be allowed 
in the individual case 


I wish to express my thanks to Dr E G L Bywaters 
Director of the Special Unit, for helpful cnucism in the 
preparation of this paper 

I am also extremely grateful to Dr Paul Wood for his 
advice and encouragement at all times 
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In a casual perusal of papers on hypertension, one 
comes across well over a hundred so-called hypo- 
tensive remedies alleged to possess the property of 
lowenng the blood pressure In 1930, Ayman could 
collect over two hundred reports on the successful 
treatment of hyperpiesia by various hypotensive 
remedies 

In view of the persistently high mortality from 
hypertension m spite of the large number of measures 
recommended in the treatment of this disease one is 
forced to admit the futility or helplessness of the 
situation In Ayman’s opinion, the “ proper 
treatment is still unknown ” Evans and Loughnan, 
after a critical analysis and trial of thirty-three 
different preparations m seventy cases of high blood 
pressure (essential hypertension), were forced to 
admit the uselessness of them all In their opinion, 
simple sedative measures are often more effective 
than the much more expensive and fashionable 
products extensively displayed on the market 

There is unfortunately, a great tendency on the 
part of both the medical profession and the laiety, 
to hail or applaud any new drug or measure intro- 
duced into the market, often on the basis of a few 
stray experiences or clinical impressions In 
consequence of this attitude, many of the present 
day clinicians have learnt not to accept any claim 
for a new remedy unless and until its therapeutic 
value has been firmly established by resort to 
carefully controlled clinical observations 

My selection of R Serpentina for the present 
study has not been entirely fortuitous I have 
been prompted into the present enquiry by several 
factors In the short span of ten years that the 
dried root of R Serpentina has been on the market 
m India, in tablet form, there has been a growing 
demand in this country for these tablets Prepara- 
tions of the serpentina root have gained such un- 
precedented popularity for hypertension cases m 


this country, that there is hardly a patient with 
high blood pressure who has not been subjected to 
its effects in one form or another One manu 
factunng firm alone claims to have sold over 50 mil 
lion tablets of the dried root One of the aims of 
the present investigations has therefore been to 
determine if this enthusiastic reception of the drug 
is warranted As early as 1940, I had made the 
following allusion to the subject or R Serpentina 
treatment in cases of hypertension “ After a trial 
of this preparation one finds it useful in a percentage 
of cases of hypertension only, the indications and 
suitability of the case for the drug have not as yet 
been worked out ” Since that time, I have had the 
opportunity of observing the effects of this drug in a 
very large number or cases After an extensive 
trial of various hypotensive remedies in several 
thousand cases of hypertension, both in private and 
hospital practice during the last ten years, I hare 
found R Serpentina to be the most consistently 
successful member of the whole group of hypo- 
tensive remedies In reply to a recent questionnaire 
issued by me to fifty physicians from all o\er India, 
forty-six voted for R Serpentina as being the best 
“ hypotensive in their experience 
In view of this ovenv helming body of support in 
favour of regarding R Serpentina as the remedy of 
choice, I have considered it opportune to subject 
this preparation to a more critical analysis and to 
try and form an unbiased opinion of its value as a 
hypotensive agent In the present investigation I 
have tried to steer clear of those fallacies involved in 
the interpretation of therapeutic results to which 
particular attention has been drawn by Ayman 
Kapemtch, and others There is an unfortunate 
tendency to claim success in the treatment of essen- 
tial hypertension merely on the basis of symptomatic 
improvement In the opinion of Ayman, the suc- 
cessful treatment of hyperpiesia, implies, of ncccs- 
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stty, a substantial reduction in the level of the blood 
pressure In Kapemick’s opinion, “ although 
symptomatic response is relatively easily obtained, 
reduction of blood pressure is difficult ” This 
has been the experience also of Evans and Loughnan, 
who found that although good symptomatic relief 
can be obtained in cases of hypertension with a 
large number of remedies, the much more desirable 
hypotensive effect is rarely noted The factor of 
natural lability of the blood pressure, so common 
in hypertensives, is often lost sight of, in the inter- 
pretation of results, as a result, perfectly normal or 
natural fluctuations are mistaken or misconstrued 
for evidences of the therapeutic value of the drug 
under trial 

According to Evans and Loughnan, any remedy 
before it can be accepted as having established a 
claim as a hypotensive agent must satisfy certain 
standards of efficiency, viz (1) it should be capable 
both of reducing a blood pressure that is high and of 
maintaining it at the lowered value, (2) it should be 
able to exhibit its hypotensive action consistently 
and in a high proportion of patients, and (3) it 
should be free of all toxic ill-effects 

An Introduction to Rauwolfta Serpentina 

The use of vegetable extracts in the treatment of 
high blood pressure is not new Both, watermelon 
see ds and the mistletoe plant have been tried in the 
Past, without gaming general endorsement In 
'939, Graham had reported benefit in cases of 
hypertension from the use of the tincture of haw- 
thorne (Cratccgus oxycantha) 
ft Serpentina (variously known in India as 
sarpagandha, chandrika, chotachand, chandra, 
hanmama, dhan-barua, patala-gandhi, and cova- 
rtarmlpon) or the Serpentina plant is a large climbing 
or twining herb or shrub, belonging to the natural 
order Apocynacece, and found in the Himalayas, 
,n Assam, Pegu, Tcnnassenm, Java, the Deccan 
' 3e jjrr |S ula, and the Malaya peninsula 
The root of this plant has been popular, both in 
n ia and in the Malay peninsula, from ancient 
'nies, as a n antidote to the stings and bites of 
Jisects and poisonous reptiles It has been used 
ir 3 °t 35 a k^Hfuse, as a stimulant to uterine con- 
c l0ns . for insomnia, and most of all for insanity 
° rc ro^ntly, its clinical application has been 
Pressure success > t0 oases of high blood 

it rr^ researc hes on R Serpentina showed that 
called a ' nC j an haloid which was provisionally 
with pscud °h ruc <ne On account of its popularity 
chcmiJl r i aCtlt ' 0ners oP mdtgcnous medicine, the 
composition of the serpentina plant has 


been subjected to considerable scrutiny Sen and 
Bose (1931) discovered two alkaloids in its root, the 
total alkaloid content being about 1 per cent of the 
dried root, there being also a lot of resin and 
starch Siddiqui and Siddiqui (1931) found, besides 
phytosterol, oleic acid, and unsaturated alcohols, 
five alkaloids, which were classified by them into 
two groups, viz (1) The ajmaline group of three 
white crystalline, weak bases, ajmaline, ajmalinine, 
ajmaheme, and (2) the serpentine group of two 
yellow crystalline stronger bases, serpentine and 
scrpcntmine 

On the basis of experiments on frogs, Siddiqui 
and Siddiqui showed that the ajmaline group acts 
as a general depressant to the heart, respiration, and 
central nervous system, whilst the serpentine group 
causes paralysis of respiration, depression of nerves, 
and stimulation of the heart Sen and Bose studied 
the pharmacological effects of the R Serpentina 
alkaloids on cats and other higher animals They 
reported a small drop of blood pressure, a stimula- 
tion of the respiration, a depression of the heart 
muscle and a relaxation of plain muscle-tissue (e g 
of the uterus and intestines) Roy (1931) found 
that large doses induce sleep, cause dulling of sensa- 
tions and diminution of reflexes Fatal doses 
caused death from respiratory failure the heart 
continuing to beat for some time after Chopra 
has been engaged in pharmacological researches on 
the R Serpentina since 1932, but the results of his 
work are not as yet known It is claimed by certain 
manufacturers that the root from a well-reared and 
scientifically cultivated serpentina plant yields about 
three times more of the active alkaloids than the 
root from the wild plant, which is thinner, more 
stunted and often marred by exposure to the sun, 
rain, and frost 

On the basis of experimental and clinical studies, 
the root of R Serpentina is said to have the following 
pharmacological attributes (1) By action on the 
vaso-motor centre, it leads to generalized vaso- 
dilatation, with a lowering of blood pressure 
(2) By depressant action on the cerebral centres, it 
soothes the general nervous system (3) It exerts 
a sedative action on the gastric mucosa and a 
stimulating action on the plain musculature of the 
intestinal tract (4) It stimulates the bronchial 
musculature 

A vague reference to the use of a tincture or 
alcoholic extract of the root of R Serpentina, in 
cases of high blood pressure, was made in 1 942 by 
Paranjpe He claimed improvement, without any 
statistical backing, m most cases of hypertension, 
the hypotensive action was said to be particularly 
gratifying m elderly subjects and in the case of the 
diastolic pressure, the tincture was said to be a 
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good cough-sedative and diuretic In two cases 
reported by Paranjpe, there had been a permanent 
reduction of blood pressure for well over a year, on 
occasional doses of the tincture 

Method of Investigation 

Selection of patients The fifty patients for 
investigation were selected from amongst a large 
number of cases of essential hypertension, who 
reported regularly at the chmc for treatment and 
who showed their willingness to co-operate The 
diagnosis of essential hypertension was accepted on 
the basis of a routine clinical examination and 
investigations including urine analysis, ophthalmo- 
scopic examination, orthodiagraphy, electrocardio- 
graphy, and (m some cases) renal function tests and 
teleradiography Only patients with systolic pres- 
sure over 160 and diastolic over 95 mm were 
admitted into this senes Cases of nephntic or 
renal hypertension, secondary hypertension, and 
malignant hypertension (diagnosed on the basis of 
clinical and ocular entena) were ngidly excluded 
Of the 50 patients selected for study, 30 were males 
and 20 females, ranging in age from 39 to 76 years, 
the average age for the series being 59 years 

Each patient was instructed to report for examina- 
tion penodically, according to a rigid and pre- 
arranged plan The routine adopted in each case 
was identical, viz after an initial examination 
and check-up of the blood pressure (reading A), 
the patient was kept on a sedative capsule (contain- 
ing 0 25 grains of prominal or phemitone) given 
three times daily for two weeks, the blood pressure 
being recorded again (reading B) and accepted as 
the actual “pre-treatment” level This prepara- 
tory period of sedation exerts in my opinion a sort 
of stabilizing influence on the blood pressure of 
hypertensives, especially in those with hypersensitive 
nervous systems Administration of R Serpentina 
tablets (one serpina tablet three tunes a day after 
meals) was then started, this dose being kept up for 
four weeks The only other preparations per- 
mitted, during R Serpentina therapy, were laxatives, 
insulin injections (in diabetics), and occasionally 
tablets of aspirin for headaches During serpina 
treatment, the blood pressure was checked and 
recorded once weekly (readings C, D, E, and F) 

In a few of my cases, the fall was so precipitate that 
further treatment had to be discontinued After 
four weeks of serpina treatment, all medication was 
stopped for four weeks, during this interval or 
period of no treatment, the blood pressure was 
recorded twice, at fortnightly intervals (readings G 
and H) A second course of serpina tablets (in the 
same doses) was then started and continued for 


two weeks, at the end of this course, the blood 
pressure was recorded for the last time (reading J) 
The following nine sets of blood pressure readings 
were, therefore, recorded m each case (A) at start 
of investigation, (B) after two weeks of sedative 
therapy, (Q after one week of serpina therapy 
(D) after two weeks of therapy, (E) after three 
weeks of therapy, (F) after four weeks of therapy 
(G) after a fortnight of no medication, (H) after 
four weeks of no medication, and (J) after two weeks 
of serpina treatment (second course) 

The ritual observed at each check-up of the 
patient was properly standardized At each atten- 
dance (arranged between the hours of 3 and 6pm), 
the patient was made to rest in the waiting room for 
about half an hour After a short history of symp- 
toms and an enquiry for toxic reactions, the patient 
was subjected to a thorough clinical examination 
The blood pressure was recorded in the recumbent 
posture with the aid of a new Baumanometer, in 
accordance with the suggestions of the joint British 
and American Committees for standardization 
Of three consecutive readings at each sitting, only 
the third or last was accepted for recording purposes 
All the observations reported here were made by me 
using the same instrument throughout 
In the present investigation, I have not con 
cerned myself much with the improvement in 
individual symptoms, reported by patients, such a 
determination being liable to errors of interpretation 
In any case, the symptomatic status of such a case 
bears little or no relationship to the level of the 
blood pressure 

In the presentation of results, all rises or falls of 
systolic blood pressure of less than 10 mm and of 
the diastolic of less than 5 mm have been classified 
as “ insignificant,” rises or falls of systolic pressure 
between 10 and 24 mm and of the diastolic between 
5 and 14 mm as * moderate ’ and rises or falls of 
the systolic exceeding 25 mm and of the diastolic 
exceeding 15 mm have been classified as marked 

Results of Investigation 

After /no weeks of sedathe therapi After two 
weeks 28 of 50 patients showed a drop of systolic 
pressure ranging from 2 to 12 mm , the average fall 
being 6 mm In 17 of the cases there was a rise 
ranging from 2 to 14 mm , with an average of 4 mm 
In the remaining 5 cases, there was no alteration at 
all Taking all 50 cases into consideration the 
average drop of systolic blood pressure after two 
weeks of sedation works out at under 2 mm 
In the case of the diastolic blood pressure there 
was a fall in 30 cases ranging from 2 to 8 mm 
with an average of 3 mm , in 7 cases there wa 
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an actual rise ranging from 2 to 10 mm , with an 
average of 4 mm 

After One Week of R Serpentina Therapx 

The immediate response of the blood pressure to 
R Serpentina therap) is shown in Table I 


1 .. i 

In 35 of my 48 cases, there was a drop of both 
systolic and diastolic pressure, after one week of 
drug treatment, in 6 cases there was a paradoxical 
rise of both systolic and diastolic pressure whilst 
in the remaining 6 cases there was a rise of one with 
a fall of the other 


TABLE 1 


Changes of Svstouc and Diastolic Blood Pressure 
after One Ween of R Serpentina Tuervpt 


Extent of alteration 
in blood pressure 

Systolic blood 1 
pressure j 

Diastolic 
blood pressure 

No of 
cases 

Per 

cent 

No of 
cases 

Per 

cent 

From -MO to ^-6 mm 

i 

2 

i 

2 

+5 to -i-i mrn 

8 

17 

8 

17 

ho change — 

2 

4 

4 

8 

— 1 to —4 mm 

1 7 

15 

1 IS 1 

38 

—5 to —9 mm 

11 

23 

12 i 

25 

— 10 to —14 mm 

7 

15 

4 

8 

— 15 to —19 mm 

2 

4 

1 

1 2 

—20 to —24 mm 

5 

10 

0 

0 

—25 to —29 mm 

2 

4 

0 

l o 

—30 to —34 mm 

2 

4 

0 

0 

-35 to —40 mm 

1 

2 

0 ; 

0 

'Twn-ciOto -40 mm 

48 

100 

48 

100 


(tv. n ,0 r‘ C ^°°d pressure Of the 48 cases studied 
ot our patients having absented themselves), 
« nan ^ as 37 cases showed a drop of systolic 
dro ran ® ln S f ro m 2 to 38 mm with an average 
Rj ? 0 ^ mm In 2 cases it remained unaltered 
ran& t * lere was actually a paradoxical rise, 
3 118 “ om 2 to 6 mm with an average rise of 


A “ moderate ” fall (i e 10 to 24 mm ) was i 
25 4 out of 48 cases and a “ marked ” fal 
^cavc°io 0Ver ^ ln 5 03565 In other words, t 

^thT’a S ( °of 39 5 PCr CCnt) ShOWCd r rCS1 
h’tatment 01 commencement of se 

sh^'f r b u° d r pressure of th e 48 case 
2 to io a °* chastolic pressure ranging 
the diao' I1 |' ’ Wlt ' 1 an avera § e °T 6 mm , in 4 
5 'here u° ' C ' CVe ' remaine d unaffected whil 

ft i'han average^^'^ ranglng from 2 t0 6 

' ^derate ’°a C fal1 Was classified as bein 
and as “m , < ^ e ® ree 0 e 5 to 14 mm ) m 16 

A Eood result^ » ( ' e , 15 mm or over ) ln 1 
more) u-,, ,, lc a diastolic drop of 5 mr 

Table ] ) therefore obtained in 17 cases 


After Four Weeks of R Serpentina Therapy 

The delated response of the blood pressure to 
drug therapy is given in Table II 

TABLE II 

Changes of Sistouc and Diastolic Blood Pressure 
after Four Weeks of R Serpentina Therapy 


1 

Extent of alteration in 1 
blood pressure 

S>stoIic blood 
pressure 

j Diastolic 
blood pressure 

No of 
cases 

Per 

cent 

No ofi 
cases | 

Per 

cent 

From +20 to -Ml mm 

i 

2 

1 o ! 

0 

10 to +1 mm 

6 

13 

6 1 

13 

No change — 

0 

0 

3 

7 

— 1 to —9 mm | 

5 

11 

17 1 

36 

— 10 to — 19 mm 

14 

30 

18 J 

38 

— 20 to —29 mm 

9 

19 

2 

4 

— 30 to —39 mm 

10 

21 

1 

2 

—40 to —49 mm 

1 

2 

, o 

0 

— 50 to —60 mm 

1 

2 

1 0 

0 

From —20 to —60 mm | 

47 

i 

100 

1 47 

100 


Systolic blood pressure Of the 47 cases studied 
(three failed to report for check-up), as many as 
40 responded to serpina therapy by showing a drop 
of systolic pressure, ranging from 2 to 54 mm with 
an average of 21 mm A rise of 4 to 12 mm , with 
an average of 6 mm was noted in the remaining 
7 Taking all the cases into consideration, the 
average fall worked out at 19 mm , with a range 
of +12 to —54 mm 

The systolic fall was described as being 
“ moderate ” in 22 cases out of 47 and as “ marked ” 
in 1 3 cases In other words, a good systolic response 
(l e 10 mm or over) was noted in 35 of 47 cases, 
after four weeks of serpina therapy 

Diastolic blood pressure In 38 out of the 47 cases 
there was a drop of diastolic pressure ranging from 
4 to 34 mm , with an average of 1 1 mm , m 3 cases, 
the diastolic level remained unaltered whilst in 
6 cases there was an actual rise varying between 
2 and 10 mm , the average being 5 mm Taking 
all cases into consideration, the diastolic pressure 
showed an average drop of 10 mm , the range of 
variation being from a-lO to —34 mm 
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The diastolic fall, after four weeks of therapy, 
could be classified as “ moderate ” in 27 of the 
47 cases and as “marked” m 7 cases A good 
diastolic response (i e 5 mm or over) was therefore 
obtained m as many as 34 out of 47 cases 
In as many as 29 of my 47 cases there was a 
moderate ’ or “ marked ” fall of both systolic 
and diastolic pressures, in 6 cases such improve- 
ment was confined to systolic levels only, and m 
2 to the diastolic levels only 

Types of blood pressure response , during R 
Serpentina therapy According to the rapidity and 
degree of fall of the systolic blood pressure during 
drug treatment, I have been able to recognize five 
main types of blood pressure curves (1) A gradual 
fall continued throughout the course of treatment 
(21 of my 50 cases) (2) The plateau type, where the 
systobc level showed little or no alteration through- 
out treatment (12 cases) (3) A precipitate initial 
drop with a gradual decline subsequently (8 cases) 
(4) An initial plateau with subsequently, a gradual 
decline (5 cases) (5) A precipitate initial drop 
with subsequently a plateau (3 cases) 

From the behaviour of the pressure (especially 
systobc), a graph can easily be constructed to deter- 
mine the type of response to drug treatment, in any 
given case 

After Cessation of R Serpentina Therapy 

These studies were undertaken with a view to 
determine whether the hypotensive action of 
serpina is strictly limited to the period of its ad- 
ministration or whether it is continued for some time 
after 

After two weeks The persistence of the hypo- 
tensive action of R Serpentina was studied m the 
41 cases in my series, who had responded to its 
administration by a fall of blood pressure, un- 
fortunately, 5 of these having failed to report for 
their periodical check-up, our enquiry has had to be 
hmited to a total of 36 cases Two weeks after 
stoppage of serpina treatment, the results were as 
follows In 22 of the 36 cases the low levels induced 
by serpina tablets were well maintained, m 8 cases 
they were partially maintained, in 3 cases they had 
returned to their levels of before treatment, in the 
remaining 3 cases there was a further fall 

After four weeks Thirty-nine cases could be 
investigated from this point of view The results 
were as follows In 10 the low levels were well 
maintained, in 15 cases they were partially main- 
tained, m 10 cases they had returned to the level 
before treatment, in 4 cases the pressure showed a 
further drop The hypotensive action of R 
Serpentina was, therefore, percepUble m 91 per cent 


of my cases for two weeks and in 74 per cent for 
four weeks after discontinuance of the drug 

After a Second Course of R Serpentina 
In order to test the drug for consistency of action, 
all the 50 cases of my senes were subjected to a 
second course of serpina tablets after an interval of 
four weeks The tablets were administered m 
the same doses, but for two weeks only The 
results of this second course were most satisfactory, 
making allowance for the fact that as many as 
36 per cent of the cases were still under the hypo- 
tensive influence of the first course of tablets The 
average drop of systolic blood pressure after the 
first course had worked out at 17 mm , the maximum 
fall recorded in any case being 44 mm In the case 
of the diastolic pressure, the corresponding values 
worked out at 7 mm and 22 mm respectively 
After two weeks of the second course, the average 
systobc fall worked out at 10 mm , the maximum 
drop in any case being 24 mm The corresponding 
values for the diastolic pressure were 5 mm and 
12 mm respectively 

The blood pressure behaviour after the second 
course of tablets was very similar to that after the 
first, in the great majority of the cases However, 
in one case there was a drop of pressure during the 
first course but a nse during the second, the 
reverse happened in one case 

Toxic Effects and Reactions from R 
Serpentina 

After having used the dried root of R Serpentina 
m several thousand cases of high blood pressure, 
both in hospital and private practice, I can vouch 
for the non-toxicity of (he drug with confidence, 

I have , so far, not come across a single fatality 
from the administration of this preparation Even 
when the administration has been continued without 
a break for as long as two to five years (as in some of 
my cases), and even in the presence of cardiac or 
renal complications, there have been no lll-cficcts 
of a serious disabling or permanent nature 
The following reactions were reported by some 
of my cases, during the present investigation 

Excessive drowsiness or sleepiness 
Feeling of depression or lassitude 
Diarrhoea 
Anorexia 

Nausea and vomiting 
Vertigo or giddiness 
Increase of polyuna and nocturia 
Abdominal griping pain 

The commonest disturbance after R Serpentina 
administration, m my experience, has been that of 


6 cases 
4 cases 
3 cases 
2 cases 
2 cases 
2 cases 
2 cases 
I case 
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excessne drowsiness or sleep, to some of the 
hypertensi\es suffering from insomnia, this may 
prove a blessing in disguise Diarrhoea is usually 
of a mild order and responds readily to treatment 
On the whole, R Serpentina preparations are very 
well tolerated by patients and appear non-toxic 
in therapeutic doses The only contra-indications, 
in my opinion, are severe or intractable diarrhoeas 
or dysenteries and cases of hypertension of renal or 
malignant type, where this form of treatment proves 
of no avail 

At the present time, R Serpentina preparations, 
as manufactured in India, have one serious draw- 
back to them use, not being properly standardized 
or assayed, the hypotensive action of the drug is 
not stnctly constant from batch to batch of the 
drug. For some time now, the physicians of this 
country have felt the need for a more satisfactory 
and standard preparation of this drug, the action 
of which can be predicted at all times 

Summary and Conclusions 

The hypotensive action of Raun olfia Serpentina 
(N 0 Apocynacce ) has been subjected to clinical 
Inal in a senes of fifty cases of essential benign 
hypertension Tablets of the dned root of this 
plant were presenbed in optimum doses, the patients 
being subjected to penodical check-ups of the blood 
pressure, according to a pre-arranged plan 
Within a week of R Serpentina therapy, 77 per 
tent of my cases showed a drop of systolic blood 
pressure ranging from 2 to 38 mm , with an average 
nrop of 13 mm A drop of 10 mm or over was 
noted m 40 per cent of cases 
In the case of the diastolic blood pressure, 73 per 
cent of cases displayed a drop ranging from 2 to 
° , with an average drop of 6 mm , a diastolic 

response of 5 mm or over was noted in 35 per cent 
n '3 per cent of cases, there was a drop of both 
systolic and diastolic blood pressure after one week 
01 therapy 

After four weeks of R Serpentina therapy. 


85 per cent of cases displayed a drop of systolic 
blood pressure varying from 2 to 54 mm with an 
average of 21 mm A systolic drop of 10 mm 
or over was noted in as many as 74 per cent of 
cases 

In 81 per cent of cases, the diastolic pressure 
showed a drop of 4 to 34 mm with an average of 

1 1 mm A diastolic fall of 5 mm or over was 
noted in 72 per cent 

In 62 per cent of cases there was a “ moderate ” 
of “ marked ” drop of both systolic and diastolic 
pressure levels 

According to the behaviour of the blood pressure, 
I was able to recognize five types of response to 
R Serpentina therapy, which have been described 

The hypotensive action was apparent in 91 per 
cent of cases two weeks after stoppage of all treat- 
ment and in 74 per cent even after four weeks of no 
treatment 

A second course, of two weeks, was tried in all 
the cases after an interval of four weeks, the blood 
pressure response to the second course of tablets 
was almost as good as during the first 

R Serpentina appears to be a perfectlysafe remedy, 
devoid of any senous or toxic ill-effects Amongst 
the few unpleasant symptoms encountered during 
its administration, were excessive drowsiness (in 

12 per cent), lassitude (in 8 per cent), diarrhoea (in 
6 per cent), anorexia (m 4 per cent) and nausea with 
vomiting (m 4 per cent) 

On the whole, the results of R Serpentina therapy, 
in the present senes, have been most encouraging 
In most cases it was proved capable of lowering both 
systolic and diastolic blood pressure Although its 
action is temporary m many cases, it can be repro- 
duced successfully by a second administration of the 
drug No senous reactions to therapy were en- 
countered in any of the cases R Serpentina, 
therefore, satisfies all the entena of a successful 
hypotensive agent formulated by Evans and 
Loughnan (1939) Judging from the results of the 
present investigation, it has a definite place in the 
treatment of cases of high blood pressure 
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It was considered important to subject the points 
made by William Evans (1947) to further examina- 
tion by phonocardiography We hoped to define 
the sphere of usefulness of this instrument in aiding 
the clinician in the diagnosis of patients presenting 
with murmurs of the heart 
The Cambridge Instrument Company kindly 
supplied a standard phonocardiograph outfit in 
every way similar to that used by Evans It was 
decided to attempt a rough estimate of the suita- 
bility of this instrument by taking gross clinical 
examples of organic heart disease and subjecting 
them to phonocardiography, since it was considered 
axiomatic that the instrument must be able to record 
all the murmurs that could be heard on simple 
clinical auscultation It was soon found that the 
standard instrument was incapable of recording the 
majority of relatively high pitched systolic and 
diastolic murmurs 

The Research Department of the Cambridge 
Instrument Company then kindly agreed to develop 
a modem apparatus from the new physical data that 
have been made available over the last twenty years, 
it was agreed that the clinical and scientific aspects 
should be closely co-ordinated The apparatus is 
described later 

Those concerned with the visual recording of the 
heart sound vibrations must be grateful for the work 
of Rappaport and Sprague (1941 and 1942) in 
amplifying the basic data on which a reliable phono- 
cardiograph should be constructed 
The heart sound vibrations are modified by the 
thoracic tissues as they radiate to the chest wall 
This distortion will vary from person to person and 
is probably dependent largely on the amount of 
adipose tissue of the thoracic organs and of the 
chest wall itself and must remain an indeterminate 
variable in clinical phonocardiography 

Once the heart sound vibrations have reached the 


chest wall they are further modified for a clinician 
listening to the sounds' with a stethoscope by the 
stethoscope, which produces a certain degree of 
attenuation of sounds of low frequency, and by the 
human ear, which in the auscultatory range has a 
practically logarithmic low frequency attenuation 
response (see Fig 2) 

There are therefore three phonocardiographic 
records that may be considered physiological 

(1) A linear phonocardiogram This is a visual 
record of the heart sound vibrations as they occur 
at the chest wall without any modification other than 
undistorted amplification, hence the term linear 
The heart sound vibrations consist of an intense low 
frequency component (palpable but not audible) 
and a faint higher frequency component (audible) 
The linear phonocardiogram, however, resembles 
a jugular venous pulse record for it only shows the 
intense low frequency component This component 
is 100,000 to 1,000,000 times more intense than the 
higher frequency vibrations which consequently 
cannot be shown on the same scale (sec Fig 9A 
and B, II A and B, Part II) 

(2) A stethoscopic phonocardiogram This is a 
visual record of the heart sound vibrations from the 
chest wall as modified by an average stethoscope, 
that is as presented to the human ear Such records 
will show low frequency events such as the third and 
fourth heart sounds as well as the whole range of 
murmurs and are the most generally useful phono- 
cardiograms (see Fig 4-8 and 10A and B, Part II) 

(3) A logarithmic phonocardiogram This is a 
visual record of (2) abo\e, plus the additional 
modification of the average normal human car 
In other words it is a visual representation of the 
vibrations as presented to the sensonum of a listen 
mg clinician The advantages of this type of record 
are firstly that its amplitude corresponds to the 
loudness heard by the clinician (a sound heard twice 


356 



THE PHONOCARDIOGRAPHY OF HEART MURMURS 


357 


as loud as another sound will be twice the ampli- 
tude of the other on the record), and secondly that 
as the low frequencies arc extremely attenuated, a 
record taken from a patient with heart murmurs may 
be easier to interpret than one in which low fre- 
quency events are also recorded Such a record 
should therefore be used to add to the information 
of a stethoscopic tracing (see Fig 3, 9B, IOC, 11A 
and B, Part II) 

It is necessary to record simultaneously some other 
manifestation of cardiac activity to provide a 
reference tracing for interpreting the phonocardio- 
gram The following tracings have been used for 
this purpose — the electrocardiogram, the sub- 
clavian or jugular venous pulse, the apex beat 
cardiogram and in special cases the arterial pulses 
The electrocardiogram has been used extensively 
because it can be recorded easily, but the only 
reliable reference point it gives is that mechanical 
Ventricular systole never precedes the QRS complex 
of the electrocardiogram 

Since the electrocardiogram gives no reference 
points in diastole it is misleading to use it to deter- 
mine the phase of the cardiac cycle of any diastolic 
event, either sounds or murmurs (sec Fig 5), it is, 
however, a valuable additional reference tracing to 
an apex beat or venous pulse recording, particularly 
when aunculo-ventncular dissociation is present or 
when there is some abnormality of propagation of 
the cardio-excitatory impulse 
The subclavian or jugular venous pulse gives, in 
addition to the onset of ventncular systole, the onset 
0 auricular systole, the beginning of the second 
a° u nd and a fair indication of the site of the third 
heart sound 

The apex beat tracing (linear phonocardiogram) 
6> v « the onset of ventncular systole, the beginning 
the second sound and the third heart sound , it 
as a rule easier to record by electncal means than 
c venous pulse and requires no time correction 
r vessel transmission of vibrations as does the 
venous pulse 


aco ^' Cart sounds an< T most murmurs are noises it 
elnn-| S ' C terminol °gy, which means they are con- 
aucn eratl v. nS sound vibrations of vanous fre- 
thcrcr' CS harmomcal| y unrelated In some cases, 
onset 0I f’ 11 * S lm P° SSI bIe to determine the exact 
Moren° 3 , murrnur follows a heart sound 
rccrmiou F p thcre IS some variation in the vibrations 
c «ded from one heart cycle to the next 


The Phonocardiograph 
Phone ?n„ aratUS used consists of a crystal n 
double stnn°- S n ee .v alve am Phfier, and a Camt 
of iw 8 ^’nthoven galvanometer One 
vanometer is used for the electron 


gram in the normal way, the other, which is used 
for the phonocardiogram, is tightened to its full 
extent in order to raise its high-frequency response 
In this condition its sensitivity is about 1 mV/mm 

From examination of our phonocardiograms it 
will be noted that large excursions of the phono- 
cardiographic fibre displace the electrocardiographic 
fibre It has been proved experimentally that this is 
an air pressure phenomenon and not an electro- 
magnetic interference, and that the phonocardio- 
graphic fibre is not affected by large excursions of 
the electrocardiographic fibre The explanation of 
this effect lies in the greater sensitivity of the loose 
electrocardiographic fibre when it is calibrated for 
clinical use 

The microphone used is a Cosmocord Mic-6 
This microphone was originally chosen because of 
its high sensitivity and high internal capacity It 
has the disadvantage of being nearly 2 inches in 
diameter, so that good contact between the micro- 
phone and the chest is not always easy to attain 
The sensitivity is stated by the makers to be about 
10 mV/dyne/sq cm in the phonocardiographic 
frequency range 

The microphone is placed in a brass case which 
forms the chest piece A ring of sorbo rubber is 
cemented to the case to assure good contact with 
a chest wall of irregular contour The volume of 
the air chamber coupling the chest wall to the 
diaphragm is about 14 ml The case is not intended 
to have any selective frequency properties, the 
intention is that the microphone and amplifier 
should have a fundamentally flat response, any other 
type of response being produced by controllable 
electncal filters in the amplifier 

The amplifier circuit is shown in Fig 1 As the 
output has only to operate a stnng galvanometer 
the gain is not high, the voltage gain from the 
input to the galvanometer terminals being 100 A 
switched attenuator, placed between the two stages, 
controls the gam in steps of 2 1, and a universal 
shunt connected across the galvanometer gives con- 
tinuous control of gam at any setting of the 
attenuator In phonocardiography, calibration of 
the controls is of little value, but they must cover a 
very wide range in order to deal with the varying 
levels of heart sound vibrations encountered 

In order to make the fundamental response as 
flat as possible, a 10-megohm resistor is placed 
across the microphone, which has a capacity of 
0 002 fj.F This gives a time constant of 0 02 second 
which, since it is the shortest time constant in the 
whole system, will control the low-frequency re- 
sponse, it should result m the response being down 
to half at about 8 c/cs As explained later, such a 
response was not obtained 
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A 6-position filter, controlling the low-frequency 
response, is placed between the output stage and the 
galvanometer At setting 0 the amplifier response 
is flat At settings 1, 2 and 3 single-stage condenser- 
resistance filters, giving time constants of 0 0064, 
0 002 and 0 0004 seconds respectively, are provided 
These values give a loss of 3 db at 25, 80 and 400 c/s 
respectively, and a loss approaching 6 db/octave 
below these frequencies (stethoscopic phonocardio 
gram settings) 

At settings 4 and 5, a 2-stage and 3-stage filter 
respectively are introduced, the time-constant of 
each additional section being 0 0004 seconds 
These filters begin to cut off between 400 and 
500 c/s (like that of setting 3) and give a loss 
approaching 12 and 18 db/octave respectively below 
these frequencies (logarithmic phonocardiogram 
settings) 

Fig 2 shows measured frequency responses for 
the assembly of microphone, amplifier, and galvano- 
meter These results were obtained by applying a 
variable frequency sound stimulus to the micro- 
phone with a pistonphone calibrator Two points 
require comment First, the low-frequency re- 
sponse at setting 0 is not flat, this is the result of 
accousbc leakage in the microphone assembly The 
chief cause of this leakage is a felt ring which the 
makers fit round the nm of the microphone case 
It is proposed in future to work without this ring, 
so that the response can be entirely controlled by the 
electrical circuit Secondly, the response begins to 
fall above 500 c/s This is the result of the galvano- 
meter properties The microphone has a resonance 
at about 2500 c/s, but the low galvanometer response 
at this frequency entirely masks this resonance 


The high-frequency response attained is probably 
sufficient for the purposes of phonocardiography 

Conventional mams power supplies are provided 
Rough HT stabilization is obtained by an S 130 gas 
tube, and the valve heaters arc run on a c HT 
variations and heater pick-up are not unduly 
troublesome, but improvements in both these 
respects are desirable 

Special cable, type K 16 G M made by Telegraph 
Construction and Maintenance Co Ltd , is used for 
the microphone input lead This gives a very 
considerable reduction in the extraneous voltages 
produced when the microphone cable is moved in 
any way 

The advantages of a string galvanometer over 
other methods of recording high frequency pheno- 
mena are not great when an amplifier is essential 
It was used m the research detailed in Part II because 
it was available Comparative experiments have 
therefore been made with a double Duddell oscil 
lograph, which has a wider frequency range and is 
more robust This instrument, used in con 
junction with appropriate amplifier circuits and a 
smaller microphone free from acoustic leakage, has 
been tried with promising results. Fig 9 A and B, 
11A and B, Part II were taken with such an 
apparatus The addition of an electrocardiographic 
channel is under consideration, but the whole of the 
apparatus is regarded as purely experimental at the 
moment 

The tracings are photographed at a speed which 
facilitates the accurate reading of phonocardio- 
grams 

(References will be found at the end of Part II ) 
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Papers by WiWiam Evans (1947) suggested that the 
phonocardiograph could aid the clinician m the 
elucidation of the following points (1) the dis- 
tinction between the systolic murmur found with 
organic heart disease and the systolic murmur found 
with no organic heart disease, referred to as an 
innocent murmur , (2) the murmurs found m 

mitral stenosis, (3) the distinction between aortic 
incompetence of rheumatic as opposed to that of 
syphilitic xtiology, and (4) the presence of unsus- 
pected aortic diastolic murmurs in cases of hyper- 
tension 

Systolic Murmurs 

One important problem in clinical cardiology is 
the investigation of systolic murmurs m the hope 
that the healthy youngster with a systolic murmur 
can be saved from some form of cardiac invalidism 
imposed by the medical profession 
Evans (1947) found that the systolic murmurs m 
organic heart disease, with the exception of those 
found in hypertension, heart block, and a few cases 
of aortic valvular disease if recorded from the mitral 
area (which are all unimportant from the above 
standpoint), occur early in electrical systole, whereas 
the systolic murmurs recorded in subjects without 
clinical heart disease— the "innocent" group — 
occur m mid or late electrical systole 
Evans used the S line, a line drawn through the 
end of the S wave of lead II of the electrocardiogram 
to touch the simultaneously recorded phonocardio- 
gram to distinguish the two groups A systolic 
murmur occurring at the S line was found m the 
organic group while a systolic murmur beginning 
some distance after the S line was found in the 
innocent group In none of the innocent group was 
a diastolic murmur recorded 
To investigate this point two senes of cases were 
collected clinically and checked by cardioscopy and 
electrocardiography 


Group I consisted of S7 cases of known congenital 
or valvular heart disease with systolic murmurs to 
auscultation and phonocardiography (see Fig 3-6, 
8 A, B, and C, 10A, B, and Q 

Group 11 consisted of 27 cases with obvious 
systolic murmurs but with no other evidence of 
disease An obvious systolic murmur has been 
taken as one lasting an appreciable interval into 
systole between the first and second heart sounds 
and of not less than moderate intensity (Grade III, 
Levine, 1945), for it is this group of murmurs that 
presents a clinical difficulty as to whether organic 
disease is present or not In four cases the systolic 
murmur was loud or very loud ( Grade IV or V) 
and one of these suffered an undoubted attack of 
subacute bacterial endocarditis after the investiga- 
tion — emphasizing that an organic lesion was present 
although careful cardiological investigation rescaled 
no deviation from the normal other than a loud 
systolic murmur Twenty one of these cases 
(77 per cent ) were aged 30 or under (Sec Fig 7A, 
B, and Q 

The phonocardiograph employed recorded a 
stethoscopic or logarithmic phonocardiog ram with 
lead II electrocardiogram as reference tracing 
(See Part 1 ) The time-marker on all the records 
is 0 2 seconds Records arc marked to show the 


TABLE I 

Relation of Onset of Systolic Murmurs to S 
Line in Lead II Electrocardiogram 


Timing 

Valvular or congenital 
heart disease 

57 cases 

No diagnosed 

I heart disease 
! 27 cases 

After S 

38 

66 6% 

27 1 00% 

At S 

9 

15 7% 



Doubtful 

10 

17 5% | 
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Fig 3 — Ventncular Sepia) Defect Logarithmic phonocardiogram from site of maximal intensity of mur- 
mur — note that low frequencies in the first and second heart sounds are not recorded, and that the base 
line is very clear 



^ IG 4 — Aortic stenosis A second heart sound was audible at the base and is recorded 


S I 

niurrn lbc beart sounds I, II, III, and IV, systolic cases to draw any conclusions it appears to be 
Othe ^ ^ an d diastolic murmurs (D M ) uncommon in any particular defect (See Fig 
%ire e ^ nnB ,s ex Plamed under the appropnate 8A) 

taken ' C Slte ^ rom w h*ch the record has beerf It would appear from this investigation that the 
gram ls , "Seated after the type of phonocardio- systolic murmurs encountered in valvular and con- 
thmici S °' Vn ^ Stet ^ = stethoscopic, log = logan- genital heart disease cannot be differentiated from 
Jt W) |. , the systohe murmurs occurring with no recognizable 

cases th 6 SCeri tbat In two 'thirds of the organic heart disease by their relation to the S hne of lead II 

"hercas 6 SJ , st0 * ,c murmur began after the S hne, of the electrocardiogram For although in all the 

further an" I 10 9 dld rt beein at the S llne A Group n cases the systolic murmur occurred after 
that a svst i’ SIS °fi these 9 cases shows the S hne, the same applied to at least 66 per cent 

occur wnh° 1C rnurmur occurring at the S hne can of the cases in Group I 

heart (hsca m °L 1 ^ orrns °f va Ivular or congenital It has been known for many years that mechanical 
se aut wherever there were sufficient and electrical systole m man and experimental 
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Fig 


5 Pulmonary stenosis No second heart sound was audible or is recorded Record show a low 

freouency event marked ?DI ?IV which could be either a third heart sound because H occurs about 0 2 
se^ after the second heart sound, or a fourth heart sound occurring as it does just after the P wave of the 
electrocardiogram, or a combination of both The electrocardiogram cannot be used to differentiate these 

possibilities 


TABLE II 

An alysisofRelationofOnsetoftheSystouc Murmur 

to the Clinical Diagnosis in Organic Heart Disease 


1 

Site of 
record 

No of 
cases 
with 
SM at 
S line 

No of 
cases 
with 

S M 
after 

S lme 

Base 

3 

12 

Base 

1 

1 

Apex 

1 

11 

Apex 

1 

5 

Apex 

1 

0 

Base 

1 

0 

4 th 

space 

left 

sternal 

edge 

1 

2 

3 

Base 

0 

Apex 

0 

2 

Base 

0 

i 

Apex 

0 

i 

1 57 

9 

38 


Diagnosis 


Aortic incompetence 
Aortic stenosis 
Mitral stenosis 
Combined rheuma- 
tic valvular lesions 
Active rheumatic 
carditis 

Auricular septal 
defect 

Ventricular septal 
defect 


Pulmonary stenosis 
Fallot’s tetralogy 
Patent ductus arte 
nosus 

Lutembacher s syn 
drome 


Total 


No of 
cases 
with 
doubt- 
ful on- 
set of 
S M 



animals are not simultaneous either in onset or 
m duration (Wiggers, 1944) Such asynchrony 
would provide the simplest explanation for the 
varying relation of systolic murmurs to the S line 
of the electrocardiogram Thus in Fig 4 the whole 
of the first heart sound occurs after the S line 
It will also be noted that it is a condition of the 
cases in Group II that they should have a normal 
electrocardiogram, whereas many cases in Group 1 
bad abnormal electrocardiograms often with a 
widened QRS interval However, only 3 or the 9 
cases with a systolic murmur at the S line had a 
widened QRS interval 


Mitral Stenosis 

Evans (1947) found that when a systolic murmur 
as heard without a presystolic murmur m mitra 
enosis, the murmur as recorded by phonocardio- 
raphy started during the P-R per '" d ° f ^ In 
le electrocardiogram in 33 out of 41 cases 
ther words the murmur was really prcs>stohc and 
ot systolic in timing and due to auricular con- 
action He also found that the systolic mur- 
mr never occurred later than the S line and a 
,ere was a mid diastolic murmur in all or his /4 

To test these points a consecutive senes of _30 cases 
f mitral stenosis was investigated (See Fig 
, and C ) In 17 of these cases a systolic murmur 
’ Z-nL* as it was heard It never occurred 
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Fig 6 — Atrial septal defect Note splitting of the first and second heart sounds 

as it shows mush ’ 


This is not a good record 


the P-R period of the electrocardiogram 
•n 17 it occurred after the first heart sound Its 
nation to the S line lead II electrocardiogram was 
as follows 


After the S fine in 
At the S line m 
Exact onset doubtful in 


12 

2 

3 


n 15 of the series a presystohc murmur was 
™’ an( I ln all 15 cases it was clearly seen on the 
during the P-R period of the electrocardio- 
It was always separate from a systolic 
svsn Ur ^ P reser| t and also differed from such a 
0 IC mu nnur in that its mean frequency was con- 

siderably lower (See Fig 8C) 

and P ?° sitl0n °E ^ second heart sound in Fig 8A 
era nh as been determined by taking phonocardio- 
•bcseT r !i COrds ^ rorn base of the heart where 
tra ° nd SOUnd was clearly seen m these cases and 
r «ord° SlnE l ° a P Ica l records Apical and basal 
anoth ' ,VerC ta E en within a few minutes of one 
bjjrt ! r . p ® 10A is a record from the base of the 
limed n an a P Ica l record in a case of com- 

ra * stenosis an< d aortic mcompetence ) The 
It heart s °und is probably spht m Fig 8C 
the lm P r ession that the sole information which 
tion m "P^diograph has added to that of ausculta- 
that a m C mitra I stenosis m this senes is 

quentlv dlast0 ' lc murmur occurs more fre- 
certam of 3 ? U 1S ^ lear ^ However, one cannot be 
Ime and r s un,ess the record shows a clear base 
this was not always obtained 


Problems such as whether an opening snap of the 
mitral valve is always present m mitral stenosis, and 
the differentiation of this snap from a third heart 
sound (which may be of diagnostic importance in 
mitral stenosis) could not be investigated owing to 
the limitations imposed by the apparatus in having 
no other reference tracing than the electrocardio- 
gram Fig 9A is an apical record from a case of 
mitral stenosis, with a linear phonocardiogram (apex 
cardiogram) as reference tracing in which a third 
heart sound is clearly indicated and in which no 
opening snap of the mitral valve is shown 

Aortic Incompetence 

Evans, in a senes of 20 cases of aortic incom- 
petence, found that 8 were clinically of syphilitic 
aetiology and 12 of probable rheumatic ongm, 
although with no definite evidence of this after full 
cardiological investigation After phonocardio- 
graphy at the apex he considered that there was 
proof of rheumatic stiology in 16 out of the 20 
cases because of the presence of presystohc and mid- 
diastolic murmurs from added mitral stenosis 

To test this finding a senes of 21 consecutive cases 
of aortic incompetence was investigated clinically 
(see Fig 10A, B, and Q, 1 1 were considered to be of 
rheumatic, 5 of syphilitic, and 5 of unknown 
ffitiology 

Of the 1 1 rheumatic cases, 5 had definite evidence 
of mitral stenosis both to clinical and to phono- 
cardiographic examination (See Fig 10A and 8A 
taken from same patient) In the remaining 6 
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IG 8 /A\ MltraI stenosis — apical recordings Three patients 
A) Systolic murmur (S M ) starting at the S line 
^ stollc murmur starting well after the S line 
IV) No systolic murmur 

P 'SJ ic murmur (P S M ) is only sh °wn « 1 (Q. auricular fibrillation being present m (A) 

Pcning snap of the mitral valve is Probablyshown at (c) in (A) Mid-diastolic murmur 

(M D M ) 
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B 


Fig 9 — Mitral stenosis (A) Apical and (B) basal records of one patient A loud 
pulmonary second sound was heard and the large amplitude of this sound in the 
logarithmic basal record is well seen 

cases there was no auscultatory or phonocardio- Unsuspected Aortic Diastolic Murmurs in 
graphic evidence of mitral stenosis, although in 2 of Hvpertension 

these the apical records showed long aortic diastolic Evans found aortic diastolic murmurs in 12 of a 
murmurs that might have obscured any mitral mid- senes of 43 hypertensive cases and in some cases of 
diastolic murmurs present heart block In order to test this finding a series of 

Of the remaining 10 cases in the senes, none 20 cases of hypertension with loud or ringing aortic 
showed phonocardiographic evidence of mitral second sounds and diastolic blood pressures con 
stenosis although 4 had long aortic diastolic murmurs sistently over 100 mm was investigated In no case 
recorded on the apical records, which might have was a diastolic murmur heard clinically Die nng- 
obscured any mitral mtd diastolic murmurs present ing quality as heard by auscultation showed itself 
One case with aortic incompetence and subacute as a musical second sound of no greater width than 
bacterial endocarditis, but of uncertain Etiology, normal on phonocardiographic records taken from 
in which no evidence of mitral stenosis had been the aortic area, and no diastolic murmur was dc- 

heard or recorded by phonocardiography, died tected after the second sound in any case (Sec 

Post-mortem, no enlargement of the left auricle was Fig IlAandB) 

found, there was no evidence of rheumatic endo- Evans in interpreting his records has stated that 
carditis or valvulitis, and microscopy did not “ at the end of the T wave (lead II clcctrocardio- 
clucidate the Etiological diagnosis gram) the second sound starts Such a rclation- 

In this senes of cases of aortic incompetence no ship has not been observed by other users of the 
additional information to that found on climcdl phonocardiogram (Onas and Braun-Mcncndcz, 
examination was given by phonocardiography 1939) It can be seen from Fig 7B and 10B that 
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Fig 11 Hypertension— basal recordings Two patients Ringing aortic second 
sounds but no diastolic murmurs are present A systolic gallop sound (S) is 
present in (A) ' 


the T wave bears a sufficiently variable relationship 
to the second sound to make it valueless as an 
indication of the onset of the second heart sound 
It is believed that Evans’ records of hypertension can 
bear a different interpretation if this is taken into 
account 

Summary and Conclusions 
An investigation was planned to test some of the 
phonocardiographic findings on heart murmurs 
announced by Evans (1947) In order to do this it 
became necessary to construct a new phonocardio- 
graph whose characteristics are described m Part I 
No clear-cut distinction between the systolic 
murmurs found in valvular and congenital heart 
disease (57 cases) and those found in patients with 
no evidence of heart disease (27 cases) could be 
established by timing the onset of these murmurs 
against the S line of lead II of the electrocardiogram 
The systolic and presystohc murmurs in 30 cases 
of mitral stenosis were found to be dearly dis- 
tinguishable from one another in timing and mean 
frequency, as they were on clinical auscultation 


No additional aitiological information to that 
collected clinically was found by a phonocardio 
graphic examination of 21 cases of aortic incom- 
petence 

In 20 cases of hypertension with a consistent 
diastolic blood pressure of over 100 mm none 
was found with an aortic diastolic murmur 
For phonocardiography to be a useful aid in 
clinical cardiology it i£ necessary to use an instrument 
whose characteristics are known and satisfy certain 
basic considerations The electrocardiogram alone 
is an unsatisfactory reference tracing for studying 
heart murmurs by phonocardiography as there is 
no strict co-relation between the electrical and 
mechanical events of the cardiac cycle 
Although the phonocardiographic investigations 
recorded in this article arc of a negative nature it is 
felt that phonocardiography can help the clinician 
in the diagnosis of heart murmurs, and work on 
these lines is progressing 

It has been a great pleasure to work in close co 
operation with the Research Department of the Cam- 



THE PHONOCARDIOGRAPHY OF HEART MURMURS 369 

bridge Instrument Company, England, to whom my cases and for his enthusiasm and advice, and to Dr 
grateful thanks are offered William Evans for his generous advice and help 
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Since William Heberden wrote his classic account 
of angina pectoris in 1768 and Edward Jenner, in a 
letter to him ten years later, suggested the associa- 
tion of the syndrome with disease of the coronary 
arteries, the subject has continued to claim the 
interest and attention of physicians in each succeed- 
ing generation Taking this country alone and 
excluding living authorities, we have only to recall 
such names as Latham, Clifford Allbut, Osier, 
Mackenzie, and Lewis Symptomatology, both in 
their periods and since, has been the chief object 
of speculation and of study and although, with the 
aid of a more refined and intimate case-work, the 
subjective phenomena could even now be accorded 
a more detailed and accurate portraiture, the general 
clinical picture has been widely approved The 
physiological researches of Lewis and his colleagues 


20 cases When he included the description m his 
“ Commentaries ’ m 1782, his experience had 
extended to 100 cases Osier was admitted to the 
Fellowship of the Royal College of Physicians before 
he had seen a case in hospital or pnvatc practice 
Mackenzie, with all his earlier experience in general 
practice and later as a leading consultant in 
cardiology, wrote (as late as 1923) that 380 patients 
had consulted him for angina pectoris Today, as 
Cassidy (1946) remarks, “ the modem cardiologist s 
name is legion ” and “ he counts his cases by 
thousands rather than hundreds ” On both sides 
of the Atlantic the steadily rising incidence of 
coronary disease in recent decades has been noted, 
and it has been susjxicled that this trend, as indi- 
cated by mortality figures, is not wholly to be 
explained by such factors as the changing age- 


have advanced our understanding of the pam which 
is the central symptom Morbid anatomy (especi- 
ally m its bearing upon coronary occlusion as the 
cause of the status anginosus and succeeding cardiac 
failure), cardiography and radiography, have all 
made their contributions Prognosis, with the 
assistance of technical aids and in experienced hands, 


constitution of populations and by improved 
diagnosis and certification at death 
In connection with aitiology, speculations have 
been frequently advanced concerning the influence 
of the manifold stresses inherent in the conditions 
of life and work that our industrial civilization 
has imposed, and concerning the possible effects of 


has achieved, perhaps, a slightly better precision 
Therapeutics, except insofar as a number of useless 
remedies have been discarded, have not registered 
any outstanding gains since Lauder Brunton’s 
advocacy of the nitrites The course of the disease 
in individuals and the effects of symptomatic treat- 
ment have, in brief, been fairly adequately covered 

The study of the disease m the comnumitv, on the 
other hand— its epidemiology and tetralogy— have 
scarcely as yet received adequate consideration 
Where individual studies leave gaps in our knowledge 
social and statistical enquiry may have a contribution 
to make 

When Heberden, who had no hospital associations, 
gave his paper to the Royal College of Physicians 
his experience of angina pectoris amounted to some 


nicotine That hereditary predisposition plays 
some part has long been allowed The assumption 
that angina pectoris and coronary occlusion arc, in 
the main, expressive of nothing more than the 
arterial degenerations that accompany the in 
escapable process of ageing has not seemed 
satisfactory in the absence of a definition of ageing 
and in the case of a disease so common at the summit 
of a man s energies and achievement, and now so 
frequently recorded in the fifth and sixth decades 
(i e at ages 40-59), not infrequently in the fourth 
decade (30-39), and sometimes even earlier (20-29) 
Adherents of the so-called psychosomatic school of 
medicine — perhaps beausc their approach has been 
too predominantly psycho-analytical and because 
they have tended to sec selected examples rather 
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than the general run of cases that pass through the 
hands of the family practitioner, the physician and 
the cardiologist— have almost certainly overstressed 
the influence of specific emotional conflict Those 
cardiologists, on the other hand, who have doubted 
the Etiological contributions of mental stress and 
fatigue, with or without the addition of the more 
ordinary types of day-to-day anxiety, may be shown 
to have erred in another direction and to have 
attached altogether too little importance to the body- 
mind relationship and to the exacting circumstances 
of modem modes of life and work, which are m 
many respects as different as it is possible to imagine 
from those enjoyed or endured by our more slowly 
moving agricultural forebears 


The Scope of the Enquiry 

The present study falls into two parts The first 
is based upon a statistical analysis of material to be 
found in the Reports of the Registrar-General 
(covering a recent twenty-five year period) in its 
beanng upon the deaths from coronary disease in 
England and Wales This study has involved 
correlations with age, sex, social class, and occupa- 
tion and geographical distributions, and has taken 
into particular account the secular trend of the 
disease during the period under review The second 
is based upon an analysis of the clinical histones of 
a senes of cases seen by one of us (J A R ) during a 
closely similar penod of 23 years in the course of 
consulting practice 

In this manner, and by pooling our expenence, it 
seemed to us that we could, m some measure, com- 
bine the advantages of two of the more important 
methods of socio-medical enquiry Statistical sur- 
•ejr with correlations based upon official mortality 
returns rely for their validities upon the large 
numbers employed While recognizing that the 
ongmal data upon which the figures are based have 
own subscribed by a host of observers of varying 
reliability, we may yet accept that there is a sufficient 
smoothing out of error, by virtue of quantity, to 
compensate for qualitative inaccuracy As regards 
e diagnosis of most cases of fatal angina pectoris 
and coronary occlusion in the penod covered by the 
ri m Stl | Cal survey ’ firere should not have been great 
' ^ les ’ so familiar had the symptom-picture of 
e nrst stage of the disease and, commonly, of the 
,, ° n , Staee ’ ky then become Nevertheless, steps 
ihr- a, 35 Wl11 1x5 seen ’ t0 meet the criticism that 
has JJ’ n0S1 j coronar y thrombosis or occlusion 
the " T de ' Vlth mcre asing frequency throughout 
Horn unt ^ er review, and that certain vague 
(which h-, UrC , S ’ SUch 33 ' myocardial degeneration ” 
vc on 6 been loosely used in death certi- 


ficates) must now be giving place to more accurate 
classifications and thereby accounting m large part 
for the increased rates of mortality 

A clmtcal suney , even when conducted in retro- 
spect — given that sufficient attention has been paid 
to possible personal, familial and habitual influences 
and to social and occupational factors and to the 
age at onset of the disease — has some, but only 
some, of the merits of a planned socio-medical 
enquiry As a study in morbidity (and this is 
especially so m the case of diseases that run a long 
course) it may be considered as a useful supplement 
to mortality studies, for these can give no indication 
of age at the onset of the symptoms or of the con- 
ditions of life and work then obtaining, and they 
cannot, as a rule, attempt correlations with other 
Etiological factors than sex, social class, occupation, 
and geography Nor can they throw light upon 
the various durations of the disease As a rule, 
however, the numbers available for a personal 
clinical study of this kind are very small by com- 
parison with those required by the statistical 
epidemiologist and often some necessary evidence 
is found to have been omitted or recorded in a form 
unsuitable for abstraction Conclusions drawn 
from the physician’s numerical analyses must con- 
sequently be cautious The majority of cases in 
the clinical senes were seen on one occasion only, 
some on two, three or more occasions, a few were 
seen so often and over such long periods of time as 
to allow of a growing intimacy both with the mani- 
festations and varied course of the malady and with 
the affairs and personalities of its victims An 
obvious disadvantage of the senes relates to the 
fact that the cases were, inevitably, socially selected 
An advantage, on the other hand, may be discerned 
in the fact that the information was collected by a 
single observer, and that his interest at the time was 
concentrated on the whole disease rather than upon 
any particular aspect of it 

The Statistical Study 

In 1926 the reported deaths from angina pectoris 
in England and Wales totalled 1,880 In 1945 the 
number of deaths ascribed to disease of the coronary 
artenes and angina pectoris was 25,012, of which 
16,514 occurred among males and 8,498 among 
females During the intervening years the mortality 
from this cause of death has steadily increased and, 
in this connection, the comment by the Registrar- 
General (text for the years 1938-9) is of interest 

‘ The progressive increase since 1920 in the 
standardized mortality assigned to coronary 
disease and angina pectoris continued without a 
break in 1938 and 1939 In 1920 the rates were 
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32 per million for males and 13 for females, and by 
1939 they were twelve or thirteen times as great 
(406 and 153 respectively) To what extent this 
increase is explained by changing fashion in 
death certification, leading to transfer of deaths 
from myocardial and cardiovascular degeneration 
groups, and to what extent it is real, is difficult to 
ascertain ” 

The present study, based on the statistics relating 
to the period 1921—45, was undertaken with the aim 
of attempting to shed some light on the increased 
mortality from coronary disease and to observe its 
social and geographical distribution in England and 
Wales and its sex relationship 
If the increment that has ostensibly occurred in 
the mortality has been obtained at the expense of 
the myocardial group, it is important that the 
composition of these groups should be uniform or 
stable during the period of observation In the 
present study the following sub-headings and their 
attached numerical identification in the hst of the 
International Classification of Causes of Death were 
adopted as suitable criteria 


Period Sub-headings 

Myocardial 1921-30 Fatty heart 90 (5) 
group „ Other or unspecified myocardial 

diseases 90 (7) 

„ Artcnosclerosis without record 

of cerebral vascular lesion 

91 (b) (2) 

1931-9 Myocardial degeneration 93 (b) 
„ Myocarditis not distinguished as 

acute or chrome 93 (c) 

„ Artenosclcrosis without record 

of cerebral vascular lesion 

97 (3) 

1940-5 Myocardial degeneration, in- 
farction, sclerosis and other 
chrome myocarditis 93 (c) 

„ Myocarditis not distinguished as 

acute or chrome 93 (d) 

Coronary 1921-30 Angina pectons 89 
disease 1931-9 Diseases of the coronary arteries, 
and angina pectons 94 

1940-5 


Secular Trend 

In discussing the secular trend of the mortality 
from any disease or disease-groups over a long 
senes of years, it is essential to be mindful of 
difficulties that do anse These may be listed as 
follows 

fa) Changing fashion in diagnosis 

(b) Changes in the International Classification of 

^cfThe abandonment by the Registrar-General of 
a priority classification and his acceptance of the 


sequence as stated by the doctor when more than 
one cause of death is mentioned on the death 
certificate 

While allowance has been made by the Registrar- 
General for the influence of (b) and (c) in statistics 
published for years since 1931, the impact of (a) 
remains an unknown quantity There also exists 
another influential factor in the trend of the all 
ages mortality, namely the effect of change in the 
age composition of the population The extent to 
which this has occurred, even dunng the relatively 
short penod under review, is manifest in the follow- 
ing figures indicating the proportional age distribu- 
tion of the population in 1921 and 1945 


TABLE I 

Changing Age of Population 



1 

Age groups 



Year 





All ages 


0-14 

15-44 

45-64 

65 + 


1921 pop 

29 

47 

1 18 

6 

100 

1945 „ 

21 

46 

23 

10 

100 


The proportion of the population in the age group 
45-64 years increased by nearly 30 per cent, and at 
age 65+ by nearly 70 per cent, dunng this time 
interval of 25 years It is possible to make allow- 
ance for the influence of the ageing factor on the 
death-rate by calculating the comparative mortality 
index This index, which was devised by Dr Percy 
Stocks, “ expresses each cause of mortality of each 
year as a ratio of that of 1938 adopted as the base 
after adjustment for age differences in the population 
exposed to risk ” 

Since the diseases that arc being studied occur m 
adult life, and predominantly after the age of 30, 
the index, in the present instance, was calculated 
for age 35 years and upwards The results for the 
penod 1921 to 1939 for males and females arc shown 
in Fig 1 and 2, to which was added, as a matter of 
interest, the curve of the mortality from artcno- 
sclerosis with a record of cerebral vascular lesion 

The upward direction of each of the curves is 
quite a definite feature of the graphs, but, for both 
sexes, the gradient is steepest for coronary' disease 
If three points of tune be taken — 1921, 1931, and 

1939 the comparative mortality index for coronary 

disease for males was 0 10, 0 47 and 1 13, the 
corresponding values for females were 0 09, 0 42 
„nH 1 ns The eraohs also reveal 


(1) The very close alignment between the trend 
of the mortality from the myocardial group and 
artenosclerosis, particularly for females 
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COMPARATIVE MORTALITY INDEX AT AGE 35+ FOR MALES 



Fig 1 Comparative mortality index at age 35+ for males for myocardial disease, coronary disease, and arterio- 
sclerosis with record of cerebral vascular lesion, in England and Wales 1921-39 


(2) The increment in the death-rate from arterio- 
sc erosis with a record of cerebral vascular lesion 

tween 1926 and 1928, an increase so great and so 
a nipt as to suggest that it indicates a change in 
ook-keepmg ” rather than anything specific in 
the disease itself 

Since the progressive increase in each of the three 
causes of death is evident, it is pardonable to make 
a lgression here to ascertain if such increment has 
n due to a transference of deaths from other 
orms of circulatory disease On this particular 
1 Y ue the following statistics, pubhshed by the 
^istrar-General In the text of the report for the 
mnrt i f 38 ' 9, are tnstructive As regards the male 
ity, which is the more important, the incre- 
d" ln thc death-rates at ages when circulatory 
iscase is classified into two groups, A and B, was 
as shown m Table II 

hau^ 2 * * * 6 ^® urcs su 8gcst that some transference may 
to ° ccurrc d from B to A, but certainly not sufficient 

latter 0 *t 1 ^° r t ^ le vast lncrease observable m the 
*o quote the Registrar-General “Such 


TABLE II 

Increase (- 1 -) or Decrease (— ) in Rates per 
Million from 1921-30 to 1939 


Age group 

(A) 

Coronary 

Myocardial 

Arteriosclerosis 

Senility 

(B) 

Valvular and 
“ other heart ” 
disease 

Males 

Males 

45- 

-J-581 

-284 

50- 

-cl 377 

-369 

55- 

u-2420 

-737 

60- 

-*-41 10 

-1477 

65- 

+6114 

-2806 

70- 

-C9674 

-3994 

75 + 

+20856 

-5861 


transfer could, however, account for only a 
fraction of the increase registered amongst males for 
degenerative diseases affecting the myocardium and 
vascular system ” The position would thus seem 
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COMPARATIVE MORTALITY INDEX AT AGE 3S + FOR FEMALES FOR 



Fig 2 — Comparative mortality index at age 35+ for females for myocardial disease coronary disease and 
arteriosclerosis with record of cerebral vascular lesion, in England and Wales 1921-39 


to be that, up to 1939, coronary and myocardial 
disease were each increasing but not doing so mainly 
at the expense of the residual circulatory forms, and 
that the rate of increase was much greater in respect 
of the mortality from coronary disease But the 
similarity in the trend of the respective mortality 
of the two disease-groups ended in 1939 because 
the subsequent statistical experience, especially smce 
1941, has been entirely different The compara- 
tive mortality index for coronary disease in males 
in 1945, was 1 43, or 43 per cent greater than 
the death rate in 1938, whereas the myocardial 
index was 0 76, or 24 per cent m defect of the 
1938 standard Similarly for females, the 1945 
index for coronary mortality was 1 38, or 38 
per cent greater than that in 1938, but the 
myocardial ratio was 0 80, or 20 per cent in defect 
It would thus seem that there has been either 

(a) a real decrease in myocardial mortality, or 

(b) a change in certification, observable since 1940, 
and that some deaths, previously attributed to 
myocardial causes, are now ascribed to one or other 
of the circulatory forms The divergence in point 


of time is too abrupt and sudden to indicate (a), 
and (b) would therefore offer the more sensible 
explanation 

Mortahh According to Age 

(l) Coronary disease While a picture of mortality 
based on a rate or ratio for combined ages even 
though such values be adjusted for effects of ageing 
of the population, is informative, it nevertheless 
lacks the clarification that a study of age specific 
rates of mortality can afford For this reason the 
average annual death-rates in age groups from 
coronary disease in the periods 1921-30, 1931-39 
and 1940-45 (excluding 1944), and the percentage 
increments relative to the first epoch, arc given in 
Table 111 The death rates at ages in the periods 
1921-30 and 1931-39 were adjusted (by the applica- 
tion of conversion ratios) so as to make them 
comparable with those based on the revised classi 
fication that became operative in and after 1940 
In the interpretation of the results it is essential to 
bear m mind that the time intervals arc different, 
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The Death Rates per Million of Population in Age Groups for Coronary Disease in England 

and Wales for Certain Periods 

Coronary Disease 


1 

Males 

Females 



Period 


' Percentage compared 


Period 

i 

Percentage compared 

Age group 



1 with 1921-30 


i 

with 1921- 

-30 


1921-30 

1931-9 

1940-5 

1 ! 

1921-30 

1931-9 

1940-5 ! 

1921-30 

t 1 

1931-9 

' i 

1940-5 1921-30 

1931-9 

! 

1940-5 

35- 

16 

46 ‘ 

69 

100 

288 

431 

4 

12 

16 

100 

300 

' 400 

40- 

37 

124 

| 206 

. 100 I 

335 

557 

8 

24 | 

36 

100 , 

300 

' 450 

45- 

75 

282 ! 

466 

i 100 1 

376 

i 621 

16 

53 

86 | 

100 

331 

538 

50- 

147 

576 

916 

, 100 1 

392 

623 

34 

117 

186 1 

100 1 

344 

547 

55- 

266 

963 

1571 

1 100 t 

362 

591 

65 

243 

397 

100 

374 

611 

60- 

439 

1523 

2380 

1 100 

347 

542 

136 

510 

771 

100 1 

375 

567 

65- 

653 

2247 

3417 

100 1 

344 

523 

242 

897 

1446 

100 

371 

598 

70- 

829 

1 3067 

4403 

1 100 

370 

531 s 

339 ' 

1338 

2149 

100 

395 

634 

75 + 

913 

| 3735 

5582 

i 100 

409 

611 ! 

t 

437 

1960 

i 

3019 

100 

449 

691 


being approximately ten years between the first and 
second epoch and approximately seven years between 
the second and third Broadly speaking the statisti- 
cal pattern for both sexes is similar Between age 
40 and 75 years there was an increment of approxi- 
mately 250 per cent in the mortality in each of the 
intervening age groups in 1931-9 as compared with 
1921-30 The increase continued and in 1941-5 
ultimately amounted to approximately 450 per cent 
The statistics also indicate that m middle age, 
40-55 years, the male death-rate was increasing more 
rapidly than that for females, whereas in old age 
the position was reversed Since, on the whole, 
there has been a fairly uniform increase in the 
mortality throughout life, the increment which has 
occurred in middle age being not very dissimilar 
from that for older people, it is extremely unlikely 
that transference of deaths from “ old age ” affords 
an adequate explanation of the increased mortality 
from coronary disease 

(n) Myocardial disease The relevant statistics 
for myocardial disease are stated in Table TV 
Here again there is a close agreement in the statistical 
experience of the two sexes Between age 40 and 
65 the rates increased approximately 50 per cent for 
both males and females in 1931-9 as compared with 
those in the initial period, subsequently, they 
decreased, with the result that in 1940-5 the ultimate 
excess, except at age 75+, was of the order of 
° per cent for males and 20 per cent for females 

Transference of Myocardial Deaths 
Attention has been previously drawn to the 
cclme m the comparative mortality index, at age 
>ears and upwards, for myocardial disease since 


1941 It would appear from Table IV that each age 
was affected, as the death-rate in every age group 
in the period 1940-5 is lower than the corresponding 
value in 1931-9 This fact would seemingly indi- 
cate that some deaths previously certified as due to 
this cause are now ascribed to one or other of the 
forms of circulatory disease The relevant questions 
then arise, is it possible 

(1) To estimate the extent of this transposition 9 

(2) To ascertain if the coronary disease mortality 
has been credited with the transfer 7 

The clinical features of coronary thrombosis were 
first clearly presented in England by McNee (1925) 
A lapse of fifteen years before the acceptance of a 
more precise classification of causes of cardiac 
deaths became general would not be remarkable 
The following procedure was adopted to provide 
an answer for which no exact precision is claimed, 
but only a fair degree of approximation It was 
assumed that the age-specific death-rates for both 
myocardial and coronary disease increased lmeanly 
during the period 1931-9, which means that the 
equation of a straight line describes their course 
during the years in question The constants 
obtained from these linear equations for each age 
group were utilized to forecast the expected age- 
specific death-rates in 1945 Admittedly, extra- 
polates obtained from such limited experience, and 
for so relatively wide an interval of time, are not 
entirely satisfactory Nevertheless, the procedure 
offers the only adequate method of approach The 
comparison of the actual and predicted rates of 
mortality at ages (adjusted for change in classi- 
fication) for each of the two causes of death is made 
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TABLE IV 

The Death-Rates per Million of Population in Age Groups for Myocardial Disease in England 

and Wales for Certain Epochs 
My ocardia I Disease 


Age group 

Males 

Females 

Penod 

Percentage compared 
with 1921-30 

Penod 

Percentage compared 
with 1921-30 

1921-30 

1931-9 

1940-5 

0 
? 

1 

1931-9 

1940-45 

1921-30 

1931-9 

1940-5 

1921-30 

1931-9 

1940-5 

35- 

55 

97 

70 

100 

176 

127 

48 

101 

65 

100 

210 

135 

40- 

116 

214 

152 

100 

185 

131 

91 

184 

122 

100 

202 

134 

45- 

322 

462 

343 

100 

143 

mUJM 

242 

365 

269 

100 

151 

111 

50- 

628 

maa 

796 

100 

MEM 

127 

473 

706 

539 

100 

149 

114 

55- 

1254 

1932 

1725 

100 

154 

137 

917 

1376 

1091 

100 


119 

60- 

2617 

3935 

3471 

100 

■ Him 


1928 

2928 

2371 

100 


123 

65- 

5392 

7725 

7027 

100 

143 

131 

3880 

6008 

5067 

100 

155 

131 

70- 

10,213 

KEEK] 

13,922 

100 

156 

136 

7672 

12,520 

11 144 

100 

163 

145 

75+ 

23,777 

40,988 

39,153 

100 

172 

165 

20,508 

36,382 

35,099 

100 

177 

171 


in Table V For coronary disease it will be seen 
that, for each age group, with one single exception 
(45-50 for males), the expected death-rate is greater 
than the actual death-rate For males, apart from 
age 70 +, the excess at the other ages is of the order 
of 10 per cent For females the difference is some- 
what greater Hence it would appear that the 
mortality from coronary disease is now increasing 
less rapidly than m the penod before the war As 


was to be expected from the previous evidence, the 
gulf between the actual and predicted death rates 
m 1945 for myocardial disease is not only much 
wider but, as will be noted, the disparity is correlated 
with age for both sexes Up to age 55 the expected 
death-rate for males exceeds the actual by nearly 
100 per cent The difference subsequently declines 
and after age 60 it amounts to approximately 50 
per cent For females the difference is greatest at 


TABLE V 

The Actual and Expected Death-Rate per Million of Population in Age Groups from Coronart 
and Myocardial Disease in England and Wales in 1945 

Coronan Disease M\ ocardia! Disease 


Males 


Age group 

Actual | 
death rate 

1 

Expected 
death rate 

Difference as percent- 
age of actual 
death rate 

45- 

542 

542 

0 

50- 

1045 

1168 

-12 

55- 

1838 

2008 

-9 

60— 

2924 

3140 

-7 

65— 

4066 

4313 

—6 

70- 

5256 

6126 

-17 

75+ 

6477 

7723 

-19 


45- 
50- 
55- 
60- 
65- 
70- 
75 + 


Males 


Actual 
death rate 

Expected 
death rate 

Difference as percent 
age of actual 
death rate 

280 

547 

-95 

659 

1353 , 

-105 

1424 

2666 

-87 

3065 

5483 

-79 

6377 1 

9424 

-48 

12,812 | 

19,430 

-52 

36,250 | 

54,6S1 

-51 


Females 

197 

421 ; 

-1 14 

461 

838 1 

-82 

947 

1524 

-61 

2097 

3378 

-61 

4542 

7024 

-55 

10 445 

15,262 j 

—46 

33 517 

47,289 

— 41 
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TABLE Vi 

The Actual and Potential” Deaths per Million of Population in Age Groups in 1945 from 
Coronary Disease Assuming the Mortality has been Increased by Transfer from the Myocardial Group 



[ Potential death rate=c\pectcd coronary death-rate plus difference between actual and expected 

myocardial death rate 

Age group 

Males 

Females 


Actual death rate 

Potential death rate 

Actual death rate 

J Potential death-rate 

45- 

542 

542 -l 

267= 809 

98 

1 108- 

224= 332 

50- 

1045 

1168-r 

694= 1862 

234 

1 237 -r- 

377= 614 

55- 

1838 

2008+ 

1242 = 3250 

447 

| 517- 

577= 1094 

60- 

2924 

3140+ 

2418= 5558 

893 

1039-l 

1282= 2321 

65- 

4066 

4313 + 

3047= 7360 

1680 

1850- 1 - 

2482= 4332 

70- 

5256 

6126 — 

6618=12,744 

2600 

1 2787- 

4817= 7604 

75 l 

6477 

7723-i- 

18,431=26,154 

3392 

| 4390 - 1 * * * - 

13,772=18,162 





1 

1 



45-50 years — 1 14 per cent — but no undue importance 
niay be given to this value because the mortality at 
this particular age is low At the other ages the 
decline approximates to that for the male sex, with 
the result that m old age the expected death-rate 
is roughly 45 per cent m excess of the actual 
Since the “ calculated ” age-specific death-rates 
from coronary disease in 1945 are greater than the 
actual, it would suggest either 

(1) that there has been little or no transference 
o r ° m 'he myocardial group to this category, 

(2) that coronary disease in itself has decreased 
and that the high mortality now observable is 
actually due to a transfer of myocardial deaths 

ence it is of interest to assess what would have 

n the position if the transposition had occurred 

h 6 magnitude of the transfer would 

a\e been the excess of the expected over the actual 


death-rates from myocardial causes The addition 
of this difference to the expected coronaiy death- 
rate would yield what we have called the “ potential 
death-rate” from coronary disease in 1945 The 
result shown in Table VI indicates that if such a 
change or transfer occurred the coronary death-rate 
up to age 75 years for males would be doubled and, 
beyond that age, would be four times its existing 
size The alteration in the female mortality would 
have been even greater 

Sex Ratio 

Although the increment in the mortality from 
coronary disease has not been dissimilar for the 
two sexes, the dominance of the male mortality 
over that for females is excessive, as will be seen m 
Table VII which shows the male-female sex ratio 
at the various age groups and, m addition, similar 


TABLE VH 


Showing the Sex Ratio 


at Age Groups for Coronary and Myocardial Mortality in England 
and Wales at Different Periods 


Coronary Disease 


Myocardial Disease 


A S e group 


1921-30 


1931-9 


1940-3 


35 

40 

45 

50 

55 

60 

65 

70 

75+ 


40 
46 
4 7 
43 
4 1 
32 
27 
24 
2 1 


3 8 

52 

53 
49 
40 
30 
25 
23 
1 9 


43 
57 
54 
49 
40 
3 1 
24 
2-0 
1 8 


1921-30 j 

1931-9 

1940-3 

1 15 | 

0 96 

108 

1 27 

1 16 

1 25 

1 33 

1 27 

1 28 

133 ' 

1 42 

1 48 

1 37 j 

1 40 

1 58 

1 36 

1 34 

1 46 

1 39 

1 29 

1 39 

1 33 

1 27 

1 25 

1 16 

1 13 

1 12 
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Fir 3 —Standard mortality ratio from angina pectoris 
F for men divided according to their social class as in 
the Registrar General s reports, and for wives 


values for the myocardial diseases For the latter 
the male excess, after age 45, is of the order of 30 per 
cent, with no definite age association indicated in 
any of the three time periods On the other hand, 
for coronary disease there is a decided relationship' 
with age, observable in each of the three epochs 
For example in 1940—5 the male death rate at age 
40-50 was more than 5 times greater than for 
females, at 55-60 the ratio drops to 4 0 and at 
75+ it is less than 2 

This negative correlation of the sex ratio for 
coronary disease with age and the relative absence 
of any association in the case of myocardial disease 
suggests the impact of some factor detrimental to 
males in the causation of coronary disease The 
most obvious sex discriminant is an occupational 
influence and, in this respect, the statistics available 
m the Registrar-General’s Occupational Supplement 
for 1930-2 are instructive In this very interesting 
and valuable report, the Registrar General published 
the mortality from various diseases according to 
five social classes The constitution of these social 
classes has so often been described that it is unneces- 
sary at this stage to enlarge on their structure It 
is sufficient to state that Class I is largely composed 
of professional workers, Class III represents skilled 
artisans and Class V unskilled workers— the two 
residual groups being intermediate to the contiguous 
grades The correlation between the mortality 
from angina pectoris and social level is depicted in 
Fig 3 in which it will be seen that, for both men and 
wives the decrease in mortality with descent in the 
social grading is clearly indicated For males in 
Class I the mortality is 137 per cent in excess of the 
average for all males aged 20-65 years It is 4 per 
cent in defect for skilled workers, and for unskilled 
workers the mortality is 33 per cent below the 
expected or normal value If the occupations com- 
posing the various social orders arc studied separately 
the comparison is even more strikingly depicted, as 
will be seen from the mortality ratios in four 
occupations showing the highest and lowest values 
respectively (Table VIII) 

These results clearly indicate the influence of type 
of work on the liability to death from coronary 
disease, since the four occupations having the 
highest ratios are those requiring not only a high 
degree of mental activity but also involve consider- 
able anxiety and stress in their performance For 
workers at the other end of the scale life is from the 
point of view of mental activity, relatively less exact 
mg and it would appear that their risk or dying 
from coronary disease is much more remote 

Realizing then that social or occupational status 
is a correlate of the mortality from coronary' disease, 
it was of interest to ascertain if men and wives within 
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TABLE VII r 

Male Occupations of Highest and Lowest 
Mortality from Coronar'i Disease 


Highest Lowest 



Physicians sur- Coal miners be- I 

geons 36S low ground, cn- i 

gaged in other ' 

work 40 

Propnetors of Stone miners and 

wholesale business 235 quamers i 38 

Pudges, hamsters, Agricultural and I 

solicitors 227 gardeners 

labourers I 32 

Clergymen of I Workers in chcmi- 

Anghcan Church 218 cal processes I 20 


All ma!es=I00 

(The standardized mortality ratio (S M R ) is the 
percentage ratio of the deaths actually registered in an 
occupation to those which would be expected to occur if 
the workers at age periods in that occupation experienced 
the age specific death rates for all males ) 

the same social pattern were equally at risk The 
sex ratios of their mortality in three age groups for 
M gma pectoris and myocardial disease were 
evaluated and the results are stated in Table IX 
F°r myocardial disease the variation in the size of 
•he ratio, either according to social gradient or age, 
15 of a slight order, whereas for angina pectoris the 
position is different, age is a factor, but social class 
"tore so The importance of the latter is most 
obvious m the age period 45-55 in Social Class I, 
ln which the male death-rate is almost ten times 
Skater than that for wives, for skilled workers 
ie S ^ sex ratI ° 15 fi ve i and it drops to 3 in 
/ lo " est S0CTa l class Why, it may be asked, is 
... /a 110 dominantly male in Social Class I at age 
" The most likely answer would seem to be 


that the workers included therein at this age period 
are those who have usually reached the peak of 
their professional careers and are exposed to the 
maximal strain associated with their particular 
responsibilities Mentally, their tempo of life is 
fast and, as the sex ratio indicates, they are not 
“ masters of their fate ” 

Cassidy, in his Harveian Oration (loc at ), asks 
the following question “ Is it possible that in the 
remarkable sex-incidence of coronary disease we 
may find some clue to retiology 9 Can it be that 
masculinity predisposes one to coronary disease, 
and that feminity safeguards from it— that perhaps 
cholesterol metabolism is vitiated by maleness 9 ” 
In this connection, it would seem important not to 
overlook the question of occupational influence and 
the fact that the mortality ratio of male professional 
workers to male manual workers is far higher than 
that of men to women 

Geographical Distribution 

Finally, in this epidemiological survey it was of 
interest to depict the geographical distribution of 
the mortality from coronary disease throughout the 
country A direct approach here is not possible 
because, although the Registrar-General has pub- 
lished, since 1940, the number of deaths from 
coronary disease m the several areas of the country, 
the age and sex composition of the population 
exposed to risk in these areas is unknown In the 
present instance, an attempt was made to ovemde 
this difficulty by comparing, for the twelve major 
geographical regions, the actual and the expected 
number of coronary deaths — the latter being esti- 
mated from proportional mortality ratios The 
procedure of estimation was as follows The pro- 
portion which the coronary deaths in age groups 
in England and Wales bear to the deaths from all 
causes at the corresponding ages was estimated for 


TABLE IX 

Showing the Sex Ratio| , ^-|of the Mortality from Angina Pectoris and Myocardial Disease 
ACCORDING TO SOCIAL CLASS IN ENGLAND AND WALES IN 1930-2 
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tfie tnennnim 1941-3 and the results are shown in 
lable X 


TABLE X 

Ratio of Coronary Deaths per 1000 to those 
from All Causes at Specific Age Periods 


Age group 



Years 

Male 

J Female 

-40 

26 

; l o 

40- i 

350 

; 9 1 

45- 

55V 

! 14 4 

50- 

715 

l 21 8 

55- 

79 1 

33 4 

60- 

78 4 

1 412 

65- 

74 2 

480 

70- 

, 700 

41 3 

75- 

47 6 

33 1 

80+ 

29 0 

20 6 


These percentage ratios were accepted as “ standard 
ratios ” and applied to the All Causes deaths at the 
corresponding ages in each areal unit On this 
basis the expected number of coronary deaths in 
each of the twelve major geographical regions of the 
country was obtained and then compared with the 
actual number of recorded coronary deaths in the 
three-year period 1941-3 Proportional mortality, 
which is the relationship of two variables, when used 
irrespective of age and time for comparative pur- 
pose, has recognized limitations Possible allow- 
ance has been made for these factors in the present 
instance, but it is nevertheless advisable to test the 
validity of the adopted procedure 

There being no published statistics in areal units 
for coronary deaths prior to 1940 a test was made 
using nephritis as a criterion The expected deaths 
from this disease for the two years 1931-2 were 
estimated in two ways 

(a) By the method of proportional mortality as 
previously described for coronary disease, allowance 
being made for the urban and rural character of the 
region 

(b) By indirect standardization, i e applying 
death-rates at ages from nephritis in the County 
Boroughs, Urban and Rural Districts in England 
and Wales to the populations exposed to risk m the 
specific areal or regional unit 

The expected number of deaths obtained on each 
of the two hypotheses were then related to those 
actually recorded The test was made on the data 
for Warwickshire which contains the most populous 
County Borough— Birmingham— m England and 
Wales The results are shown m Table XI As 
will be noted the ratios obtained by the two 
different methods, are in very close accord Hence 
it would seem that by using proportional mortality 


TABLE XI 

Ratio of Actual to Expected Deaths from 
Nephritis Estimated in Two Ways 


Birmingham 

Warwickshire 

CB 

Urban 

J Rural 

| 

M , 

1 

F 

1 M 

i F 

M 

1 F 

(a) 82 | 

67 

90 | 

1 110 

1 69 

94 

(b) 81 

65 

97 | 

1 112 

1 64 ; 

S4 


m the manner indicated, it is possible to estimate, 
with some degree of accuracy, the number of deaths 
from coronaiy disease that might be legitimately 
expected to occur in each of the twelve major 
divisions of the country 

The ratios of the actual and expected number of 
coronary deaths for males and females during the 
triennmm 1941-3 have been worked out for these 
areas, both for males and females, there is a 
definite zoning of the mortality Greater London 
has an excess of 21 per cent above the average or 
expected number for males, next in sequence is 
the group of residual South-Eastern Counties with 
an excess of 1 1 per cent, followed by North 1 where 
the actual deaths exceed the expected by 3 per cent 
There is a large belt composed of North IV, Mid 
lands I and II and Wales I in which the mortality 
is approximately 15 per cent below the average 
The divergence between the results in Wales is 
noteworthy In Wales I (South Wales) the recorded 
deaths are 15 per cent in defect of the expected 
number, whereas in Wales II (North Wales) the 
difference is one or 3 per cent 

The ratios for females are closely correlated with 
those for males, areas with high or low male mortalii) 
being also those in which the female deaths arc also 
either in excess or defect of the expected value 
The reason for these apparent geographical dis 
panties in the size of the ratios is not readily apparent 
Do they represent a true accounting or arc they the 
resultant effect of differences in the social structure 
of the populations living in the different area unils'’ 
It is not possible to give a definite answer owing to 
lack of appropriate data and it is obvious from 
previous evidence, that social stratification is an 
influential factor in determining the mortality from 
coronaiy disease 

The Clinical Studv 

General obsenations The period covered in this 
part of the enquiry is approximate!) 23 >ears 
(1920-42), but the majority of the cases were seen 
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during a 15-year period (between 1925-39) The 
experience was that of a general medical consulting 
practice The patients included in the senes would 
thus represent, in the mam, Social Gasses I and II 
of the Registrar-General’s classification by occupa- 
tions, with a few from Social Class III After 
excluding dubious cases the notes of 243 cases 
remained, these were pnmanly classified as angina 
pectoris (144 cases) or as coronary thrombosis 
(99 cases) Only 2 cases were accepted in which a 
history of charactenstic pain was lacking No cases 
of angina vasomotona or of so-called “ hypertensive 
failure” (Gifford Allbutt’s “cardiac defeat ”) were 
included, although high blood pressures must have 
added a load to hearts embarrassed by coronary 
disease m a number of cases No cases were 
included of aortic valvular disease or aneurysm or 
of pernicious anaimia This total of 243 cases of 
coronary disease represents approximately 1 7 per 
cent of all new private cases seen in consultation 
during this period As no special reasons obtained 
for regarding the writer (J A R ) as a cardiologist, 
cases of heart disease should not have been referred 
for an opinion in any undue proportion It is not 
known how the proportion would compare with that 
discoverable in family practices of varying type or 
locality 

Of the 243 cases in the senes 164 were males and 
79 females, giving an approximate ratio of M2 FI 
This corresponds closely with the sex ratio revealed 
by the All Ages Deaths from coronary disease in 
1945 Cassidy (/oc cit ), in a more predominantly 
cardiological practice and in a much larger senes 
of cases of coronary disease, records a ratio of 
M3 5 FI Of the 164 male cases, 97 (60%) were 
pnmanly classified as angina peetons and 67 (40%) 
as coronary thrombosis Of the 79 female cases, 
47 (60%) were pnmanly classified as angina peetons 
and 32 (40%) as coronary thrombosis The 
relative incidence of effort angina and of coronary 
thrombosis was thus similar in the two sexes On 
re perusing the case-histones, however, it was found 
that angina pectoris (effort angina) had been pre- 
ceded by an earlier account of a severe prolonged 
attack of pain, often lasting two hours or more (but 
without the more catastrophic picture of a severe 
coronary lesion) in an appreciable proportion of 
the cases While most cases of effort angina pro- 
bably start as such and may be assumed to be due 
to coronary sclerosis without occlusion, or even to 
coronar> spasm (in association, commonly, with 
one or more of the general manifestations of hyper- 
picsia), it would seem probable that small coronary 
occlusions (sclerotic or thrombotic), often un- 
recognized at the time, may not infrequently 
initiate the liability to effort angina 


In the 144 cases (both sexes), pnmanly classified 
as angina peetons, there was a previous history of a 
prolonged attack of pain — not necessanly associated 
with effort — in 15 (10%) In 99 cases (both sexes), 
pnmanly classified as coronary thrombosis, there 
was a preceding history of effort angina m 28 (28%) 
Subsequent histones of the surviving cases of coro- 
nary thrombosis were not available m a sufficient 
number to allow of an estimate of the frequency 
with which this accident is followed by effort angina 
It is well recognized that in some cases recovery is 
so far complete as to be followed by neither pain nor 
dyspnoea on exertion, sometimes for long penods 
The above observations do little more than lend 
support to the common clinical and pathological 
opinion that effort angina and the status anginosus 
of coronary occlusion are expressions only of 
different stages or accidents in the same disease 
They also suggest that the course and behaviour of 
the disease in the two sexes is similar, although its 
frequency is greater in men It is clear that the two 
clinical syndromes, expressing coronary sclerosis 
and sclerotic or thrombotic occlusion respectively* 
can legitimately be discussed together in any con- 
sideration of epidemiology or of possible artiological 
factors 

Age of Onset 

Epidemiological studies of chrome types of disease 
based upon mortality figures are, as has been indi- 
cated, in a measure unsatisfactory in that they can 
give no account of the age of onset or of the occupa- 
tion or other circumstances obtaining at the time 
of inception of the disease The occupation 
recorded in a certificate is the last one preceding 
death In 149 male cases and 69 female cases in 
this senes it was possible to deduce, from the age of 
the patient noted at the time of the first examination 
and from the histoncal notes, the age at onset -with 
a margin of error probably not exceeding one year. 


TABLE XII 

Age of Onset of Coronahy Disease 


Age at 

Males (youngest) 34 

Females (youngest) ' 

onset 

(oldest) 90 

(oldest) ! 


Age distribution at 

Age distribution at 


onset (males) in 

onset ( females) in 


149 cases 

69 cases 

Under 

36 2 

1 

36-40 

2 

0 

41-45 

12 

1 

46-50 

23 

7 

51-55 

21 

5 

56-60 

23 

12 

61-65 

28 

19 

Over 65 38 

24 
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In 26 per cent of the male cases and 13 per cent of 
the female cases the age of onset was 50 years or 
less, in 74 per cent of the male and 87 per cent of 
the female cases the age of onset was over 50 years 
The numbers are small but they suggest that the 
factors accounting for male preponderance are more 
operative in the earlier or middle than in the later 
period of adult life This assumption is supported 
by the evidence that in England and Wales in 1946 
the deaths from coronary disease amongst males 
aged 30-50 years constituted 6 per cent of the 
deaths from all causes in this age group, whereas 
the proportion for females was only 1 4 per cent 
At age 50 years and upwards the corresponding 
values for males and females were 9 and 5 per cent 
respectively Newman (1946) has reported on 50 
young cases of coronary occlusion from the British 
armed forces which came under observation during 
the second world war Of these, 39 were fatal 
(33 dying suddenly), and the diagnosis was estab- 
lished at necropsy Coronary occlusion without 
thrombosis was recorded in 29 of the cases, and with 
thrombosis in 10 The youngest case was aged 
twenty and no less than 22 were within the age 
group 2B-29 Of the 50 cases, 45 had been graded 
‘ fit ” or “ I ” on joining the Service There was 
only one female case in the senes, but the ratio of 
men to women in the Services was in the neigh- 
bourhood of 10 or 15 1 A further reference to 

this group will be made m the section dealing with 
aetiology 


Occupation 

In 100 male cases and 47 female cases at ages 65 
or less the profession or trade, if any, was sufficiently 
clearly indicated to allow of an occupational classi- 
fication Of the women 1 1 were single and of these 
5 were gainfully occupied The mamed women were 
classified as “ housewives , four of them were, in 
addition, gainfully occupied 


TABLE XIII 

Occupations (males, aged 65 or less) 

(100 cases) 

Business (including merchants managers, 
stock exchange, shopkeepers etc ) 39 

Physicians and surgeons 19 

rieruv 6 

Officers (R N , Army, RAF) 6 

Justices judges, solicitors 6 

Engineers - 4 


The remainder, each item of which scored less 
than a 4 per cent incidence, belonged to a great 
variety of professions and trades and included, for 
example, a peer of the realm, the driver of a hearse, 
a colonial rancher, a chief railway clerk, a pro- 


fessor of archaeology, and the manager of a skating 
nnk Of males aged 50 or less at onset (total 39 
cases), 12 (30%) were business men, and 11 (28/) 
physicians or surgeons It has been previous*) 
indicated that according to the standardized mortality 
ratios published by the Registrar General for the 
period 1930-2 the highest value was that for the 
medical profession (see Table VIII) 


TABLE XIV 

Occupations (females, aged 65 or less) 

(47 cases) 

Mamed women (classified as housewives) 32 

Mamed women (engaged additionally in 
gamful occupations) 4 

Single women (unoccupied or not stated) 6 

Single women (gainfully occupied) 5 

Special Stresses 

In rather more than a third of all the cases (both 
sexes) there was a clear enough history of occupa 
tional, domestic or other stress preceding the onset 
of symptoms to warrant a consideration of these 
factors (in concert with the sex and occupational 
histones) as having a possible beanng upon aetiology 
There was a record of “ special stress ” preceding the 
onset of symptoms (in most cases over a prolonged 
period) m 62 male cases and 27 female cases Of 
those cases in which there was no record of special 
stress a considerable proportion were m retirement 
on account of age The absence from the case 
notes of a history of special stress in these and the 
remaining cases did not necessarily exclude its 
occurrence and in some cases the occupaUon alone 
made its operations probable The occurrence of 
stress is thus under — rather than over — estimated 
In a few cases sudden death or a coronary occlusion 
was shortly preceded by some grave strain or anxiety 
Under the heading of special stress were included 
entries relating to mental overwork or worry w 
business or the home or m both, heavy public or 
other responsibilities, or other forms of sustained 
anxiety In a few cases intimate knowledge of the 
patient’s affairs was accepted as evidence of stress 
m the absence of a specific entry relating to it As 
the neurotic temperament ” (in distinction from 
an ambitious or conscientious personality pattern) 
has sometimes been held to be an astrological fsetor, 
entries beanng on this, or its combination "i 
special stress, were also abstracted (Table XV) 
Thus specific records of special stress occurred ms 
least 38 per cent of males and 34 per cent of fema 
m the whole senes Of 9 (mamed and s, ^ e 
gainfully occupied women, all may be said to n 
been w'orkmg under stress The 5 occupied singw 
women included a nurse, still working to M 
6 months of onset at the age of 62, the hesamis 
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TABLE XV 
Males (164 cases) 

A “ Special B Neurone C Neurotic No specific 
stress ” temperament temperament record 
plus ‘ special n ithout 
stress ’ record of 
special 
stress ” 

60 (37%) 2 (1%) 5 (3%) 97 (60%) 

Females (79 cases) 

22(28%) 5(6%) 1(1%) 51(65%) 

of a big girls’ school with many additional public 
duties and a history of severe mental shock preceding 
onset at the age of 51 , a business woman, excessively 
nervous and conscientious, with onset at 62, a 
religious sister in charge of a large students’ hostel, 
with a strong family history of coronaiy disease and 
onset at 50, and a massage and physiotherapy 
instructor, greatly overworked and with a high sense 
of duty, with onset at 46 If the male cases aged 
50 and under at the time of onset are taken, there- is 
a specific history of “ special stress ” in 21 (54%) 
out of 39 cases, 6 out of 9 female cases (married and 
single) aged 50 or under at onset (66%) gave a 
history of special stress The occupations of the 
single women have been noted above Of the duties 
of the modem housewife it may at least be said that 
her domestic responsibilities are seldom light, that 
her children, her husband and her home tend to be 
more seriously considered by her as the generations 
pass, that she often undertakes additional civic or 
social responsibilities and, in the social classes 
studied, commonly has a share in her husband’s 
problems which was denied to the Victorian woman 
After age 65 a high proportion of patients were in 
retirement, some of them were in their seventh or 
eighth decade, ‘ special stress ’ would naturally, 
therefore, have become a less frequent entry 
Reliable histories of stress in earlier life are not 
easily obtained from the elderly, but it was noted 
as having been operative at some stage in 10 cases 
(25%) out of 41 males, and in 5 cases (18%) out of 
27 females in the later age groups (i e 65 or over) 

It would be unwise to infer too much from the 
abo\c figures It is evident that stresses, both 
intellectual and emotional, must generally tend to 
accumulate towards the zenith of a career and to be 
) fewer at its beginning or towards its close It must 
also be allowed that, in the taking of clinical 
histories modifiable conditions of life may be more 
' carefulls sought for in the case of younger and still 
occupied subjects But neither of these con- 
, siderations compels the exclusion of continuing or 
recurrent stress as an xtiological factor The se\ 


and occupational associations reviewed m the 
statistical study have already drawn attention to its 
probable importance 

Physical stress In a few cases golf or tennis was 
continued into middle or later life, as an addition 
to an exacting professional career, a few patients 
had been athletes in their youth, one patient was a 
blacksmith There was, however, no strong evidence 
to suggest that physical over-activity was a factor 
of comparable importance with mental or emotional 
over-activity This is agam m accordance with the 
conclusions to be drawn from the occupational 
incidence of coronary disease provided by the 
mortality data, which reveal the relatively low 
incidence of angina pectoris in manual workers as 
compared with the professions, to which attention 
has already been drawn 

Associated Illnesses 

The association of angina pectons and coronary 
thrombosis with gall-stones or cholecystitis has 
often been remarked The incidence of clinically 
recognized gall-bladder disease m the general 
population within the age-penod under considera- 
tion is not known, but it is doubtful whether it 
would be found to be as high as 9 per cent m males 
On the general experience of hospital and private 

TABLE XVI 


Associated Illnesses 

Males ( 1 64) Females (19) 


Gallstones and cholecystitis 

15 (9%) 

6(7%) 

Duodenal ulcer 

10 (6%) 

Nil 

(One case had a history of 
both duodenal ulcer and gall- 
stones, one of a duodenal and 
a gastnc ulcer ) 

Other vascular lesions 

7 (4%) 

6(7%) 

Obesity 

5(3%) 

7(9%) 

Migraine 

5 (3%) 

Nil 

Diabetes or glycosuna 

4(2%) 

4(5%) 


practice, peptic ulceration has a much higher fre- 
quency than gall-bladder disease The incidence 
of duodenal and gastric ulcer m male factory 
populations and some other employments, according 
to Doll and Avery Jones (personal communication), 
is between 5 and 6 pier cent A figure of 6 per cent 
of cases of peptic ulcer in the males of this senes is 
not necessanly, therefore, in excess of anticipation 
Migraine has been stated to be common in the 
histones of anginal cases The incidence recorded 
in this senes is probably underestimated (a) because 
a history of it was not particularly sought for, and 
(b) because it would not as a rule, be spontaneously 
mentioned by patients in a request for an account of 
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previous illnesses ” If there is more than a chance 
association between migraine and angina, it is 
probably related to the fact that the same tempera- 
ment predisposes both to migraine and angina, 
that both are noted as commoner in professional 
workers, and both tend to run in families The 
incidence of obesity has also been underestimated m 
this senes, as only the more obvious cases received 
specific entry Although weights were routinely 
recorded, except in bedndden cases, heights were 
not, so that height-weight ratios could not be 
determined It is doubtful whether obesity is 
causally related to coronary disease, although it is 
well known that it may add an extra load to an 
already incommoded heart 
Other vascular disease Cassidy (Joe cit ) found 
that hypeipiesis (eg a blood pressure of 1 60 systolic 
and 100 diastolic or more) was present in nearly 
70 per cent of his cases lacking a coincident or recent 
history of coronary occlusion In the 150 cases of 
this senes, in which the notes included a clear record, 
blood pressures of 160/100 or over were recorded at 
some stage of the disease m 66 cases (44%) , a further 
7 cases (5%) gave systolic readings of 170 or over 
with diastolic figures below 100 Veiy high readings 
were frequently recorded in uncomplicated angina 
pectons and low readings were by no means the rule 
after a coronary occlusion If we accept angina 
pectons and coronary occlusion as local manifesta- 
tions of a more general artenal disease, it might be 
expected that vascular changes or accidents affecting 
other parts of the body (e g cerebral haemorrhage 
or thrombosis, retinal haemorrhage or penpheral 
arteno-sclerosis with intermittent claudication) would 
be a common association In fact there was, up to 
the date of the last entry, a history of other local 
vascular symptoms preceding or succeeding the 
onset of coronary disease in only 7 male cases (4%) 
and 6 female cases (7%) The reasons for local 
selective actions in arteriosclerosis have yet to be 
explained Normal blood pressures do not exclude 
its presence 

Taking the men and women together there was a 
record of syphilis in 3 cases, but none showed signs 
of cardio-aortic syphilis, of coincidental hyper- 
thyroidism in one case, of hypochromic antemia in 
2 cases (one with a coronary thrombosis and the 
other with effort angina and a history of angina 
pectons in four generations), of asthma m 2 cases, 
of gout in 2 cases, of paralysis agitans m one case, 
of diverticulitis in one case There was one case 
with an earlier history of unilateral pyonephrosis 
and one of chronic Bright’s disease Four patients 
had a synchronous carcinoma of the stomach or 
bowel, one had had a malignant ovarian cyst 
removed 


Tobacco and Alcohol 

Detailed records of the amount smoked were not 
kept Although a large number of men were con- 
siderable smokers, in only 2 cases was there a note 
of excessive tobacco consumption, m 4 there 
was a record of alcoholism , and m 1 of an excessive 
use of both tobacco and alcohol Although the 
majority of men with angina pectoris were smokers, 
non-smokers are certainly not immune Among 
the women of the period and the age groups reviewed 
smoking was rare 

Family History 

Family histones, at no time easy to secure in 
accurate form, are inevitably defective for this 
further reason— that sympathetic consideration often 
compels the avoidance of detailed enquiries about 
cardiac illness and deaths m the parents or other 
near relatives of persons themselves the subjects of 
heart disease The physician is also faced with the 
difficulty of deciding in the case of coronary disease, 
whether to include only cardiac cases or all instances 
of arteriosclerotic illness in the families studied 

Cassidy (foe cit) states that “family history 
played a part ” in “ almost exactly half his cases,” 
but he supplies no details For the reasons given, 
family histones were not consistently enquired into 
in this series, in the anxious situations accompany 
m g a coronary occlusion they were often not asked 
for There were, however, positive family hi stones 
of certain or probable coronary disease relating to a 
parent, a brother or sister, or others in the direct 
line m 12 male cases (7%) and in 8 female cases 
(10%) Among the males there was one instance 
of the same disease m a father and an uncle, one in 
a father and a brother, one in two brothers The 
probable influence of heredity (whether operating 
through physical, mental, or temperamental pre- 
disposing factors or some combination of these) is 
supported by such histones as the following, which 
are taken from the present senes 

(a) One medical man, who developed his symp 
toms before the age of 39, lost a brother from 
coronary thrombosis in h is early thirties 

(b) One religious sister, who developed angina 
pectons at 50, gave a history of cardiac deaths in 
her father, paternal grandfather and grandmother 
and a paternal great grandmother and of others in 
these generations, usually between the ages of 50 
and 60 Her mother s side of the family was 
healthy 

(c) An unoccupied spinster, developing symptoms 
at 60, gave a history of angina or cardiac deaths in 
her father, and her second and third brothers, and 
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of “ strokes ” in her fourth brother and her second, 
sixth and eighth sisters 

(d) Twin brothers (probably monozygotic twins), 
both formerly Army officers of high distinction and 
mental attainments, and having a remarkable 
identity of thought and taste, developed coronary 
disease within a few years of each other 

Of 20 cases (male and female) with positive family 
histones of angina, toronary thrombosis, or middle- 
age cardiac deaths, 13 (65%) developed symptoms 
at the age of 50 or less In some other chronic 
diseases such as gout, due in part to an inhented 
factor, symptoms are apt to develop earlier in life 
where the family history is strong Whatever the 
actual contnbution of heredity to aitiology may be, 
the nsing mortality from the disease and its occupa- 
tional associations suggest that extraneous factors 
must be considered as of major importance 

Prognosis 

A study of the natural history of a disease would 
be incomplete without a consideration of prognosis 
A knowledge of social or group expenence has 
interest in itself and value alike for life assurance 
and individual assessments Unfortunately, reliable 
statistical studies of prognosis are at all times 
difficult and this is especially so in the more chronic 
types of illness There are many circumstances 
that militate against careful follow-up enquiry in 
cardiac disease, whether in hospital or consulting 
practice While it has always been recognized that 
angina pectoris is a condition in which precise fore- 
casts, whether in respect of survival or of degrees 
and durations of improvement are scarcely possible, 
60 many are the variable factors concerned, it would 
yet be of value if we could discover the mean 
expectation of life in relation to age of onset, mode 
of onset, and perhaps to some other factors such 
as ranges of blood-pressure or the presence or absence 
of other evidences of arterial disease It is well 
known that one man may die in his first attack and 
that another may live for 20 years or more John 
Hunter, notwithstanding that he continued to suffer 
frequent pain, lived and worked for 20 years after 
his coronary occlusion at the age of 41 Cassidy 
(/oc at ) records two cases of patients surviving for 
more than 30 years, and one of a woman who died 
suddenly at 82, having experienced effort angina 
from the age of 30 

Where coronary thrombosis, as distinct from 
effort angina, is concerned there was a tendency to 
tike loo gra\c a view of prognosis following the 
recognition of the syndrome characteristic of the 
grater episodes which first became familiar in this 
countrt after the publication of McNec s paper 
(1925) While a coronaiy occlusion accompanied 
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or shortly followed by congestive failure or arrhyth- 
mia is commonly succeeded by death m hours, 
days, weeks, months or at the most a few years, a 
Study of bad attacks in respect of the seventy and 
duration of the pain, but lacking these complica- 
tions, may reveal a longer expectation of life, 
sometimes with a resumption of normal activities 
for considerable penods With still slighter attacks 
the outlook may prove to be even better From the 
present senes three illustrative cases may be selected, 
each one clinically charactenstic and confirmed by 
cardiographic and subsequent history 

(a) A surgeon, working under a very great 
physical, mental and emotional stress and a heavy 
smoker, developed effort angina at the age of 39 
Some months later, at the age of 40, he had an 
extremely severe coronary thrombosis from which, 
for a time, it seemed almost impossible that he would 
recover There were secondary complications m 
the form of an extensive pulmonary infarction with 
a pleural effusion and a prolonged phase of mental 
confusion Within two years he was able to return 
to his hospital duties and thereafter continued them 
for a further 13 years, to the time of his death 
although always handicapped by an effort angina 
and latterly also by intermittent claudication 

(b) A general practitioner, after prolonged hard 
work and a sad bereavement, had an attack of 
coronary thrombosis at the age of 45 Three years 
previously he had had a cholecystectomy for gall- 
stones He had otherwise been very healthy and a 
fine athlete in his youth He retired from practice 
early, but was able to do a good deal of steady work 
in his garden and even for a time to play 36 holes 
of golf in a day He remained liable to pain down 
both arms on walking after meals He Ined happdy 
for 15 years and died during an afternoon nap in 
his garden 

(c) A masseuse and physiotherapist, the head of a 
large hospital department and a woman of great 
energy and with a high sense of duty, had a moder- 
ately severe coronary thrombosis at the age of 46 
Subsequently she had symptoms of cholecystitis and 
at one time some gouty symptoms She was still 
working in a private capacity 20 years after the 
original episode 

These three patients were all under 50 at the time 
of their first symptoms, all overworked, two were 
endowed with restless energy About such younger 
cases, it may be reasonably argued that thev lack 
the more widespread degenerate e changes m the 
vascular system which develop m the later decades 
and that the coronary occlusion in their case, is 
more in the nature of a local accident As coronary 
occlusion commonly affects subsequent efficiency 
and the expectation of life m an adverse way, the 
interval that elapses between the first onset of effort 
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angina and a first coronary thrombosis or a pro- 
longed attack of pain suggesting a small occlusion, 
might seem to have some beating upon the prog- 
nosis of the uncomplicated condition This interval 
could be estimated in 49 cases only The approxi- 
mate duration of uncomplicated angina of effort 
was estimated in 87 cases 


TABLE XVir 


Interval between first 
onset of angina and first 
symptoms of coronary 
occlusion 

Duration of history in 
surviving cases of angina 
uncomplicated by 
coronary occlusion 
(when last examined) 

Men and women (49 cases) 1 

j Men and women (82 cases) 

cases 

Less than 5 years 43 

More than 5 , 4 

More than 10 „ 2 

cases 

Less than 5 years 69 

More than 5 , 4 

More than 10 „ 8 

Twenty years I 


A physician is likely to see an undue proportion of 
cases in the earlier stages of the disease when they 
can be referred to him in his consulting room As, 
furthermore, the numbers are small and a follow-up 
enquiry over a further 10 years or more might have 
been necessary m order to secure the final informa- 
tion in some cases, no conclusion can be drawn from 
this senes with regard to the mean expectation of 
life at ages in cases of uncomplicated effort angina 
or of coronary thrombosis Such conclusions 
could only be derived from collaborative morbidity 
studies undertaken by a number of general practi- 
tioners covering sufficiently representative social 
groups and areas of the country and over a sufficient 
period of time 

Case fatality According to the data compiled 
by the Nuffield Bureau of Health and Sickness 
Records, Oxford, there were 196 patients with coro- 
nary disease admitted to the twenty-five hospitals 
within the Oxfordshire region during the three years 
1945_47 The case fatality has been grouped 
according to age and sex and the All Ages fatality 
for men and women did not differ appreciably, being 
61 and 66 per cent respectively But at ages under 
65 years the rate for males was much higher than 
that for females Hence this small sample of 
hospital statistics, assuming it to be a microcosm 
of general outside experience, indicates that not only 
is the disease relatively more concentrated in middle- 
age in males than in females, but also that it is more 
fatal to them It should be noted, however, that 
cases admitted to hospital are likely to include a 
high proportion of senous cases There are, in 


fact, no means at present of ascertaining the case 
fatality at ages m the general community 

The above observations can only be held to mdi 
cate some broad probabilities in the disease as a 
whole in the groups studied 

vCnoLOGy Reviewed 

Where the predisposing and precipitating factors 
in a disease are several and there is no known 
specific agent of extraneous origin — a situation that 
obtains in many of the chronic endemic diseases of 
today (such as hyperpiesia and coronary disease, 
peptic ulcer, the chronic rheumatic diseases and the 
psychoneuroses) — and where, furthermore, the 
suspected factors must operate in varying combina- 
tion and degree in different individuals, it is impos- 
sible, in the present state of our knowledge, to 
assess the full significance and relative importance 
of any one factor Jn favour, however, of each of 
the five factors — familial predisposition, sex, ageing 
certain types of professional employment, and mental 
and emotional stress — there is, as has been shown 
in the two main sections of this paper, considerable 
presumptive evidence Furthermore, these factors 
often operate in conjunction 

(a) maleness on account of the occupations which 
it entails, 

(b) the exacting character of sustained mental 
work accompanying intellectual occupations and 
posts involving heavy responsibilities, 

(c) ageing, through mounting cares and the longer 
exposure to stress, 

(d) the emotional tensions that frequently, on the 
one hand, accompany business, professional and 
intellectual life and interruptions to it, and, on the 
other, are expressions of 

(e) the inheritance of an ambitious or con- 
scientious personality pattern 

We have, at present, no reliable evidence bearing 
upon the association of special physical types To 
the physician in his consulting room patients with 
angina pectoris present no such conformity of 
pattern as can be observed, for instance, in a high 
proportion of cases of duodenal ulcer As in the 
case of hyperpietics, many anginal subjects arc of 
good physique and have enjoyed excellent health in 
earlier life, this may ha\e contributed to their 
energetic habits 

It may be argued, on the summary of the evidence 
presented, that the older the patient developing 
coronary disease the more ha\e the ordinary' 
exigencies of the years subscribed to the general and 
the coronary arterial degeneration, and that the 
younger the patient the more are we entitled to 
blame exceptional stress and the general pace and 
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fret of life in our modem mechanized world, in some 
cases with the added influence of familial pre- 
disposition Statistical studies and clinical observa- 
tions would seem, in the mam, to support one 
another Heberden’s “ disturbance of mind ” is 
not to be ignored as a possible etiological factor in 
coronary disease The very fact that any of the 
more urgent emotions can precipitate anginal pain, 
and occasionally e\en a coronary occlusion, should 
suggest the possibility that repeated emotional 
disturbance or prolonged anxiety may have a con- 
tinuing adverse influence on the coronary vessels 
But, whatever part the stronger or more suppressed 
emotions may play, it would also seem, from the 
evidence here assembled, that sustained mental 
over-activity is another form of ‘ disturbance of 
mind” which must be taken into account and 
considered as capable of affecting the coronary 
circulation and eventually of causing damage to 
the arteries and the heart It is not possible to 
separate the effects of mental overwork and of the 
emotions (in the form of ordinary worries) which 
accompany it, but ‘ the neurotic temperament ” 
had a low incidence m the clinical series Of all 
the extraneous factors inimical to hyperpietic 
subjects, with or without coronary disease, clinical 
experience, again and again, suggests that mental 
fatigue and strain and broken sleep are the most 
outstanding 

The possibility remains that business and the 
professions tend continually to select from the 
population those types of person who are most pre- 
disposed to the disease This, however, would 
scarcely account for the steep rise in incidence and 
mortality within so short a period as a quarter of a 
century, and could only partially explain the 
occupational associations that have been demon- 
strated Although it cannot be excluded it does not 
seem necessary to assume a contribution to male 
proclivity on the part of the sex hormones, nor is 
there any suggestion of sex-linked inheritance 
Of the associated diseases recorded in this senes 
none would seem to be causally related, with the 
possible exception of gall-bladder disease There 
would be no sufficient reason to think of a relation- 
ship in this instance on the score of its observed 
frequency, but for the further clinical observation 
than an acute cholecystitis sometimes close!} 
precedes or succeeds a coronary thrombosis This 
association should be worth} of more intimate 
stud} 

Tobacco The fact that the majontv of the women 
were non smokers and that the disease can occur 
in male non smokers, renders the influence of 
nicotine a doubtful one, although it cannot, as set, 
be cntircl} excluded 


The Youthful Cases 

Separate consideration must be given to cases m 
the youngest age-group (20-35) Through the kind- 
ness of the author of the paper relating to service 
cases, based on Ministry of Pensions records 
(Newman, loc at), we have been provided with 
notes, not included m his account, bearing upon 
arm of the service, rank, duties and pre-service 
occupation for the whole group and abstracts of 
findings at necropsy in 28 cases With the excep- 
tion of one medical officer and two men promoted 
from the ranks during the war all were in the other 
ranks ” category There was no indication in the 
brief records available that “ special stress T had 
been a likely or, at any rate, a sustained experience 
during service or in civil life Relatively few (15 
out of 50) appear to have been on active combatant 
service Most of the cases would have fallen into 
the Registrar-General s Social Classes IV or V 
The ages of the 28 cases examined at necropsy 
varied from 20-35 In the majority of these arterial 
changes were so advanced as to suggest that the 
disease was of some standing and that it had pro- 
bably started in civil life The pathological des- 
criptions were not characteristic of syphilitic 
arteritis In 6 cases in the whole group the earlier 
civil occupation might have involved a lead hazard 
Reading these records and finding few indications 
of special occupational stress or other extraneous 
factor, one might at first feel inclined to reconsider 
some of the conclusions drawn in the preceding 
sections It must, however, be appreciated that 
these cases — even with the addiuon of others that 
may have escaped reporting — must represent a very 
insignificant proportion of the vast call-up for the 
three services during the war years Coronary 
disease at or below 35 is, in fact, a very rare event 
In 1946 the deaths from this cause in England and 
Wales under age 35 were 69 (0 37%) among 18,800 
male deaths and 12 (0 12%) among 9,780 female 
deaths from coronary disease Where extraneous 
factors in early life are far to seek it may possiblv 
be shown that genetic influences play a more 
important part than habits of life and work 

Historical Retrospect 

If the evidence here put forward in the form of 
joint clinical and epidemiological studies can be 
accepted as supporting the probable importance of 
an occupauonal type of hazard falling more heavilv 
and more considerably with the passage of time 
upon those sections of the community whose work 
entails over-exertion of the mind rather than of the 
body it would seem proper to enquire into the 
changing social circumstances and habits of our 
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present era and to compare present with past 
historical experience It can scarcely be disputed 
(1) that the proportion of persons m the country 
who are professionally and intellectually employed 
has steadily risen since the industrial revolution of 
the nineteenth century m concert with such factors 
as increasing mechanization, the urbanization of 
the population (some 80 per cent of the people of 
England and Wales now live in urban areas as 
compared with 50 per cent a hundred years ago), 
and the extension of educational opportunity to all 
classes, (2) that the amount of mental work which 
can be accomplished by an individual in a day has 
considerably increased in the past century and 
especially m the last 25 years The tram, the motor 
car, the aeroplane, the telegraphic, and telephonic 
and ordinary and air-mail postal services, the 
competent secretary, the typewriter and the dicta- 
phone — all these may have made the conduct of 
affairs more possible, but they have also multiplied 
the number of intellectual operations — all occasion- 
ing vascular responses — that can be performed 
within a given space of time Competition in many 
spheres is more intense Interruptions to concen- 
trated mental work, which tend to give rise to 
irritation or frustration, also having their well 
known vascular accompaniments, are probably far 
more numerous than formerly Refreshing sleep 
is more hardly won Emotions are more con- 
sistently repressed than is the case among more 
primitive or rural peoples Professional men a 
hundred years ago were often just as industrious, 
but the pace and tempo of their work and the 
knowledge and responsibilities required of them were 
of a different order In no calling, perhaps, would 
the contrasts be found to be greater than in the 
medical profession which, of all occupations, shows 
the highest mortality from coronary disease 

Summary 

In the review of the mortality from coronary dis- 
ease during the past 25 years m England and Wales 
the following points of interest emerge 

The mortality amongst males and females aged 
35 years and upwards in 1945 was 15 tunes greater 
than that in 1921 and the annual number of deaths 
from coronary disease is now approximately 25,000 * 

The increments m the age specific death ratio rates 
for males and females were on the whole very similar, 
but there is evidence that m the age period 40-55 
years the male death-rate was increasing more 
rapidly than that for females 

Although there was a fair degree of parallelism 
in the secular trend of the mortality from coronary 
* Deaths from angina pectoris and co 


and myocardial disease between 1921 and 1938 
their subsequent statistical history differed, as the 
former has continued to increase whereas the latter 
declined In 1945 the comparative mortality index 
for myocardial disease was 24 per cent in defect of 
the 1938 standard for males and 20 per cent for 
females 

The increase in the coronary disease mortality in 
the post-war period is unlikely to be wholly due to a 
transference of myocardial deaths because there is 
evidence that the coronary death-rate itself was 
increasing less rapidly m this period than m pre-war 
years — the actual death-rates at ages in 1945 being 
smaller than those predicted on the basis of the 
statistical experience relating to the period 1931-9 

There is evidence of a distinct sex ratio The 
male death-rate in middle age is 5 times greater than 
that for females subsequently the ratio decreases 
with increasing age and at age 75+ it is less than 2 
There is no similar magnitude in sex differentiation 
for myocardial disease nor is there any definite 
correlation with age 

The most realistic explanation of this sex difference 
would be to ascribe it to an occupational or socio- 
economic influence The mortality from coronary' 
disease amongst men aged 45-55 in Social Class I 
is nearly 10 times greater than that of wives, and 
men of this social category are mainly those in 
professions and business administration, in which 
the mental stress and strain accruing from their 
responsibilities is heavy 

The mortality from coronary disease vanes in 
different regions of the country The significance 
and meaning of this geographical vanation cannot 
be accurately assessed owing to absence of requisite 
information on the age and social stratification of 
the population within each areal unit This 
knowledge is necessary because age and social 
status are important correlates of the mortality 
from the disease 

The mortality from cerebral vascular disease 
showed an increase parallel with that for coronary 
disease up to 1939 

The findings of the clinical study, making due 
allowance for its limitations, reveal a general con- 
formity with those of the statistical study, and help 
to illustrate in a more detailed way some of the 
conclusions pertaining to possible causal influences 
Age of onset has been discussed It was 50 years 
or less m one-quarter of the men and one-eighth 
of the women The need and some directives for 
further enquiry into prognosis have been indicated 

Disease of the coronary arteries has, finally been 
considered briefly in its historical context and in 
particular relation to the remarkable social changes 
unary disease in 1947 totalled 33,168 
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that have occurred since it was first described 
180 years ago 

Conclusions 

The natural history of coronary disease has been 
discussed on the basis of a statistical study and of 
clinical experience, and m particular reference to its 
rising incidence and its social and occupational 
associations The effect of multiple cumulative 
causes has never, perhaps, been sufficiently 
emphasized in considering the genesis whether of 
symptoms or of pathological changes Effort angina 
induced by walking a given distance often occurs 
more readily (a) after a meal, (b) on a cold day, 
(c) in a state of anxiety or fatigue, than in the 
absence of one or more of these circumstances 
Similarly, the buttressing effects of the several 
factors reviewed in this paper may be regarded as 
subscribing to the slow genesis of the underlying 
arterial change There is nothing pointing to such 
alternative causal influences as infection or faulty 
nutrition The chemical pressor substances that 
determine the vascular reactions are endogenous 
and the product of nervous stimulation 
Physicians are properly interested in the possible 
practical applications of their enquiries It seems 
at present remotely unlikely that we shall discover 
a “cure” for general arteriosclerosis or coronary 
artery disease — some part of the processes involved 
being irreversible In any case, diseases that 
attain a wide prevalence, having once been relatively 
rare, should be constantly considered with a view 
to a better understanding of how their incidence 
may be reduced — at least in those age-groups that 
cover the period of active work and citizenship 


No such dramatic answers are here likely to be 
forthcoming as in the case of a bacterial or nutritional 
disease, but, even though they be counsels of per- 
fection, we can at least argue that existing conditions 
of work in many professional and business careers 
impose strains which, when endured too long, are 
beyond physiological tolerance and that the con- 
ditions thus call for amendment, that members of 
predisposed families might sometimes be encouraged 
at an earlier stage, and even in the face of an 
activating conscience or ambition, to regulate their 
lives more rationally, that, in the field of personal 
hygiene, the organization of holidays, leisure, 
exercise and pleasurable relaxation is as sensible as 
attention to sanitary habits and balanced dietaries, 
and that the detection of hyperpiesia m the earlier 
phase by periodic health examinations could have 
value The fact remains, however, that mental 
activity, unlike manual labour, cannot be readily 
limited by legislation or arrested by the clock For 
some time to come we are, therefore, likely to 
witness a high toll of incapacitation and a sustained, 
perhaps increasing, death-rate from coronary artery 
disease affecting — and often at the time of their 
greatest efficiency — some of the more industrious 
members of the community in both sexes and in all 
classes, but more especially the male mental workers 
of the higher socio-economic grades This trend 
is likely to continue — the general ageing of the 
population making its contribution — until such time 
as our social reorganization is directed in new ways 
and in better measure to the promotion of healthy 
living through a more precise physiological and 
psychological understanding of man and his 
capacities and a deeper appreciation of his individual 
and social needs 
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A defect in the wall of the ascending aorta leading 
to free communication with the adjacent pulmonary 
artery is a rare congenital abnormality The open- 
ing in the anterior wall of the aorta is just above the 
semilunar cusps and leads directly into the pul- 
monary artery Maude Abbott (1927) regarded 
it as a partial defect of the aortic septum, probably 
at the pomt where the distal bulbar swellings meet 
the aortic septum and above the junction of the 
aortic and interventricular septa A commoner 
form of communication is between an aortic sinus 
and either the conus of the right ventricle (Abbott, 

1919, Brown, 1939) or the right auricle (Goehnng, 

1920, Macleod, 1944), usually due to a ruptured 
congenital aneurysm of a sinus of Valsalva Abbott 
(1937) also described a third rarer variety where a 
small hole in the aortic wall, just above the valves 
leads into the conus by an oblique channel Here 
the aortic valves are usually bicuspid An example 
of this type of abnormality was described by Rickards 
(1881) 

This report concerns an example of the first of 
these anomalies, an example of value chiefly because 
there were no other congenital defects The various 
features, clinical and pathological, to which the 
aortic septal patency had led, formed a combined 
picture of the pure defect that is rarely seen and 
therefore worth recording 

Case Report 

A boy of 14 came under observation about two 
years before he died, when admitted to Horton 
Emergency Hospital in May 1943 for increasing 
dyspnoea on exertion and for palpitation He had 
been breathless from infancy, and his activities had 
been severely curtailed since early childhood, 
though latterly he had done a light office job near 
his home He had been prone to recurrent bron- 
chitis and more recently to severe epistaxes 

He was a pale stunted youth with a kyphotic 
chest the anterior wall of which bulged forward 


prominently on the left side Cardiac pulsation was 
diffuse and thrusting, with the impulse maximal in 
the seventh space 16 cm to the left of the midline 
The beat was regular at a resting rate of 80 a minute 
A diastohe thrill w'as easily palpable just inside the 
cardiac impulse and also to the left of the sternum 
at the base A systolic and a diastolic murmur were 
heard all over the prtecordia, the latter generally 
louder and more impressive and best heard in the 
pulmonary area and just internal to the impulse 
The systolic clement, loudest in the aortic area where 
it overshadow'ed the other, was well conducted to the 
root of the neck on each side Both heart sounds 
were audible in all areas, and the pulmonary second 
sound was accentuated The blood pressure was 
130/40 and the pulse collapsing Neither cyanosis 
nor clubbing were present, nor had he any congestive 
failure Other systems were normal 
Radioscopy showed a huge aneurysmal shadow 
comprising the pulmonary artery and aorta astride 
the greatly enlarged heart (Fig 1) The aortic 
component was normally sited but very pulsatile, 
and no separate aortic knuckle could be seen In 
oblique views the ascending aorta was prominent, 
and a barium swallow showed a combined aorto- 
pulmonary impression Both ventricles were very 
large, the right larger than the left, and the right 
auricle was also thought to be moderately enlarged 
The left auricle was flat m the right (1) oblique 
position (Fig 2), but the pulmonary artery radicles 
were all prominent and there was a marked hilar 
dance Apart from their enlarged vessels the lung 
fields were normal An electrocardiogram showed 
a rather low voltage R I, high R II and R III and a 
diphasic T I, but was otherwise unremarkable 
(Fig 3) 

After keeping fairly fit and at work until October 
1944 he then began to have recurrent faints and 
increasing breathlessness, for which he was re- 
admitted the following January' He was still pale, 
but now moderately cyanosed as well, though he 
390 




Fig 1 — Radiograph (anterior ■view) showing aorto- Fig 2 — Radiograph (right (I) oblique view) showing 
pulmonary sac, enlarged pulmonary' vessels and aorto-pulmonarv sac and aortic arch above it, 

enlarged ventricles 26/5/43 enlarged right ventricle and flat left auricle 


had a normal blood count There was no con- 
gestion and his cardiovascular signs were unaltered 
except that the heart s action was more forceful and 
further enlargement of the aneurysmal sac and of 
both ventricles vvas evident radiologically (Fig 4) 
He had repeated nose bleeds and also, from time 
to time severe sweating attacks which were quite 
unexplained There was no evidence of endo- 
carditis or other infective process He improved 
gradually with rest and vvas convalescent bv March 
He was admitted for the last time seven months 
later in congestive heart failure He had fallen ill 
a week before with catarrhal symptoms and vvas 
alrcadv in a grave state when admitted orthopnaeic, 
modcratclv cyanoscd and sweating profuselv, 
though afebrile The neck veins were much en- 
gorged the liver enlarged tender and pulsating, and 
there was dependent oedema The left chest wall 
bulged even more than before and the action of the 
heart shook the whole thorax The murmurs were 
unaltered except that the diastolic murmur was more 
obtrusive and now loudest in the mitral area The 



Fig 3 — Electrocardiogram 
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Fig 4 — Radiograph (antenor view) showing further enlargement of aorto-pulmonary sac and heart 
also more engorgement of lung vessels 22/4/44 The maximum transverse diameter is now 18 
cm in a chest of 24 5 cm instead of 16/23 5 cm in 1943 (Fig 1) 


pulmonary second sound was very loud Rest, 
sedatives, and diuretics failed to give relief and he 
died suddenly a few days later 

Necropsy Report 

The body was well nourished but undersized 
Both lungs were congested and there was excess of 
straw-coloured fluid in the pleural sacs and about 


350 ml in the pericardium The liver was cn 
larged and intensely congested 
In situ the heart was surmounted by a large 
aneurysmal sac comprising the main pulmonary 
artery and the contiguous aorta (Fig 5) The heart 
weighed 390 g and was greatly enlarged Both 
ventricles were much hypertrophied and dilated, the 
right ventricle particularly Their walls were of 
equal thickness, measuring 2 0 cm across In 
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Fig 5 — Necropsy specimen, anterior view showing the aneurysmal sac 


contrast the auricles were not enlarged All the 
heart vahes were normal, but the mitral ring took 
three fingers easily The intcrauncular and inter- 
ventricular septa were normal 
The aneurysmal sac when opened showed a wide 
communication between the hugely dilated pul- 
monarv artcrv and the base of the aorta just above 
the \al\cs The defect measured 6 0 bv 5 0 cm 
Its edges were quite smooth and a small septal 
ridge formed its lower border between the aortic 
tnd pulmonarv \al\cs The valve cusps were all 


normally sited The size of the defect was such that 
it gave an appearance of both ventricles opening 
through their respective valves into a common sac 
from which the right and left pulmonary arteries 
arose above and posteriorly' and the aorta above, 
anteriorly and to the right The aorta itself was 
markedly hypoplastic measuring 4 1 cm in circum- 
ference at the top of the arch There was no 
coarctation the innominate, left common carotid 
and left subclavian arteries were normally sited 
and the fibrosed cord of the ductus was identified 
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above the aneurysmal sac The main coronary 
vessels were normal in distribution and appearance 

Other organs were normal apart from congestion 
Sections of the Jung tissue showed no endarteritis 

Cases Prevtouslv Reported 

Congenital aortic septal defects were reviewed by 
Hektoen in 1901, and by Abbott in 1927 and 1937 
Hektoen had one case and collected nine others, 
one of these, mentioned already, was described by 
Rickards in 1881, and as it seems to belong to the 
rare third group of defect described by Abbott, 
we have not included it m this review One further 
reported case was mentioned by Abbott in 1937, 
and Curtis Bam and Parkinson (1943) have since 
recorded another The chief findings in these 1 1 
cases are summarized in Table I 

The average age at death was 14 years, but this 
approximate figure is much affected by two of the 
senes who survived to 37 (Girard, 1895) and 48 
(Moorhead and Smith, 1922) years respectively and 
in both of whom the septal defect was small Three 
dying in early infancy (Gerhardt, 1874, Rauchfuss, 
1878, Hektoen, 1901) are not fully described, and 
two (Baginsky, 1879, C$sar, 1880) died respectively 
in childhood from convulsions during whooping 
cough and from brain abscess and tuberculous 
meningitis Excluding all these, it is still evident, 
however, that the defect is a senous threat to life, 
for only one of the five remaining cases, including 
our own, survived beyond the second decade 
Indeed, the most remarkable feature of our case was 
his survival until adolescence despite such a gross 
defect — a feature shared with the example reported 
by Bam and Parkinson (19^3) 

Though survival is variable, the physical limita- 
tions that the defect imposes appear to be almost 
uniform and always considerable Symptoms of 
cardiac insufficiency from early infancy are always 
recorded where details are given, with one exception 
(Moorhead and Smith, 1 922) This exception was a 
man of 48, fit until 9 months before his death when 
symptoms began suddenly with severe chest pain 
and dyspncea Although the sudden onset, rapid 
course and previous good health suggested an 
acquired condition, the absence of disease in the 
aortic wall compelled the authors to regard the 
defect as congenital With the two exceptions 
already noted (Baginsky, 1879, Gesar, 1880) and 
another three for whom the cause of death was not 
stated, all the others died with congestive heart 
failure There is no record of endocarditis as a 
complication, and the only mention of clubbing is 
by C$sar (IS SO) and Bain and Parkinson (1943) 
who noted its moderate degree In both these 


clinical points there is a similarity to atnal septal 
defect (Bedford, Papp, and Parkinson, 1941) 

The cardiac murmurs vary greatly Cxsar 
(1880) specifically noted the absence of murmuts 
and both Wilks (1859) and Girard (1895) mentioned 
only a loud systolic murmur over the base of the 
heart Fran tzel (1868), Baginsky (1879) and Moor 
head and Smith (1922) all described a double mur 
mur A loud apical diastolic murmur alone with 
a thrill, was noted by Bain and Parkinson (1943) 
It is evident that basically the signs are similar to 
those of any other free leakage from the aorta above 
the cusps as with a patent ductus, a ruptured 
aneurysm of a sinus of Valsalva, and an acquired 
communication between the aorta and pulmonary 
artery Abbott (1937) suggested that diastolic 
accentuation might be due to secondary pulmonary 
insufficiency Although a functional incompetency 
may well have been present in our case, none could 
be demonstrated at necropsy Abbott also noted 
that the double murmur seemed to be more super- 
ficial than that of a patent ductus, an observation 
that we can confirm As in our case, Moorhead and 
Smith (1922) found a large pulse pressure, the only 
other record (Bain and Parkinson 1943) failed to 
show it 

The heart is always much enlarged Dilatation 
and hypertrophy affect both ventricles, the right one 
especially Aneurysmal dilatation of the pul- 
monary artery, by far the most impressive finding in 
our case, is by no means constant, a fact no doubt 
related to the frequency of small defects Wilks 
(1859) drew attention, however, to the importance 
of pulmonary artery dilatation m his own case, and 
Bam and Parkinson (1943) found the pulmonary 
artery forming about two thirds of the aneurysmal 
sac 

The site of the defect is remarkably constant 
and the lower border is formed by a smooth ridge 
of tissue separating the aortic and pulmonary 
sinuses Though variable in size, the defect is 
generally small, about 1 cm in diameter In our 
own case it was 6 cm x 5 cm , and, as in that of 
Bain and Parkinson (1943), was quite exceptional 
The fine smooth edges are characteristic and distin- 
guish the congenital from the commoner acquired 
communication between aorta and pulmonary 
artery (Brocq, 1885 and 1886) Moreover, acquired 
defects are accompanied by aortic disease, commonly 
a ruptured aneurysm of the ascending aorta (Porter, 
1942) 

Judging from the few records, other congenital 
cardiovascular defects are usually absent Frantzcl 
(1868) found the pulmonary artery distributed to the 
left lung only, the right pulmonary artery springing 
from the ascending aorta Hektoen s case (1901), 
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dying at birth, had a patent ductus and widely 
patent foramen ovale, and Wilks’ case (1859) at 
eight months also had a slight valvular patency of 
the foramen ovale Caisar (1880) found the pul- 
monary valves perforated in several places Bain 
and Parkinson (1943) found a common brachio- 
cephalic trunk and funnelled openings from the sac 
into each mam branch of the pulmonary artery 
Apart from these few, the aortic septal defect has 
been the sole congenital abnormality in all the 
recorded examples In contrast to this rarity of 
other defects, the communication produced by 
rupture of the right sinus of Valsalva into the conus 
is generally accompanied by a defect in the mem- 
branous part of the septum 

Diagnosis 

The clinical recognition of congenital patency of 
the aortic septum is necessarily difficult, if only 
because of its rarity In none of the recorded cases 
was the diagnosis made in life, and it is doubtful 
how far it has, in fact, been considered hitherto 
Certainly in our own case it was not We believed 
we were dealing with a complicated defect, including 
a patent ductus arteriosus and probably an atrial 
septal defect, a combined condition that has been 
reported and has been diagnosed during life 

The question remains whether a pure aortic septal 
defect can be recognized in life Acquired defects 
are not uncommonly recognized (Porter, 1942, 
Schattenberg and Hams, 1943) Primarily the 
diagnosis depends upon signs of a free leak from the 
aorta in the presence of a dilated pulmonary 
arterial tree and enlargement of both ventricles 
Such a combination is rare enough if we except 
patent ductus arteriosus either alone or along with 
an atnal septal defect When a patent ductus is 
the sole abnormality, enlargement of the heart and 
of the pulmonary artery and its branches is rarely 
so striking as that found with the large aortic septal 
defects in Bam and Parkinson’s case and in our own 
As, however, the defect is often small, the same 
degree of enlargement is not always found 

The difference from a patent ductus would then 
be much less obvious, and a distinction have to 
rest with the more superficial murmur When a 
patent ductus has anomalous signs, even no murmur, 
yet an unusually large pulmonary artery and 
branches, the difficulties m recognition may well be 
insuperable The injection of contrast media by 
the basilic vein is unlikely to provide conclusive 
evidence regarding the exact site of the aorto- 
pulmonary leak because dilution in the pulmonary 
artery by the aortic blood would make radiographic 
interpretation so difficult Perhaps in future 


retrograde angiocardiography may resolve the 
difficulty It is said to outline a patent ductus \erj 
clearly, and would almost certainly show the site 
and size of an aortic septal defect 

Atnal septal defect alone, however, should be 
distinguishable, for here the auscultatory signs, 
though they may suggest an aortic leak, are not 
accompanied by excessive pulsation in the aorta and 
its mam branches, nor by an increased pulse pressure 
Moreover, dyspnoea is late as a sypmtom, so late 
that a fair capacity for exertion is retained even with 
an enlarged heart well into middle life, a further 
contrast with aortic septal defect Also congestive 
failure is not found before the third decade of life, 
nor is the left ventricle characteristically involved in 
the cardiac enlargement Atnal septal defects 
also give charactenstic findings on nght heart 
catheterization (Howart, McMichael, and Sharpe> 
Schafer, 1947) 

If an atrial septal defect is accompanied by a 
patent ductus the similarity to a widely patent 
aortic septum is much more stnking, especially in 
the degree of enlargement of right ventricle and 
pulmonary arteries But here again catheterization 
might be expected to reveal the atnal defect and 
suggest this combination from the associated 
physical signs 

In so far as there is a common arterial sac with 
which both ventricles communicate, it might be 
expected that a persistent truncus arteriosus would 
most closely resemble a wide patency of the aortic 
septum, and yet, to judge from the records, this is 
not necessarily so There is general agreement on 
the poor prognosis of a truncus, the presence of a 
systolic murmur and thnll along with much enlarge 
ment of both ventncles, and a broad vascular pedicle 
But with a truncus, cyanosis is usually early and 
marked, although Taussig (1947) has recently 
claimed that this is the case only when the pulmonary 
circulation is maintained largely through the 
bronchial arteries The main pulmonary arteries 
are then either absent or rudimentary, and the 
radiological counterparts are the finding of small and 
ill-defined hilar shadows, a concave upper margin 
of the left border of the heart, and a hazy margin 
of the aortic arch due to the abnormally large 
superior bronchial artenes arising from it (Taussig, 
1947) These points might clearly help to separate 
a truncus case of this type from a simple aortic 
septal defect, though in her recent book Taussig 
(1947) makes no reference to the latter 

We also have to consider in differential diagnosis 
joint aortic and pulmonary valvular disease, 
aneurysm of a sinus of Valsalva, and an acquired as 
distinct from a congenital aortic septal defect 
None of these is likely to be traced to early child 



hood by the symptoms and they all have the 
marks of acquired disease — rheumatic, syphilitic, 
or bacterial An acquired aortic septal defect 
has a sudden, even dramatic, onset and runs a 
rapid course, commonly as a complication of an 
existing aortic aneurysm or, more rarely, of 
bacterial endarteritis Evidence of an infection is 
in each condition more important as a guide than 
the details of cardiac enlargement or the nature of 
any murmurs Combined enlargement of right and 
left ventricles, pulmonary arteries, and aortic root 
may be present in all of them as well as in congenital 
aortic septal defect, and along with this a double 
basal murmur, increased pulsation in the aorta and 
its branches, and an increased pulse pressure 
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Separation from congenital aortic septal defect may 
be feasible only if the probability of an acquired 
lesion in a subject past youth is integrated with 
collateral evidence of an infective cause 

Summary 

An example of congenital aortic septal defect is 
described together with radiological and necropsy 
findings 

Reported cases are reviewed and the diagnosis 
discussed 

We are greatly indebted to Sir John Parkinson, Dr 
J W Brown and Dr Frances Gardner for reading the 
manuscript and for their helpful criticisms 
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The advent of surgery in the treatment of con- able subclavian artery even though a maximal 
genital heart disease has meant that accuracy in the length had been freed and turned down 
detailed diagnosis of the anatomy of the great vessels After this disappointment it was decided to 
has become a matter of paramount importance attempt another diagnostic investigation m future 

instead of, as was formerly the case, an interesting cases, namely thoracoscopy after the induction of 

mental exercise Especially is this so when we are pneumothorax Apart from the advantage that it 

dealing with cyanotic heart disease, of which Fallot’s is not such a major procedure as thoracotomy one 

tetralogy forms 70 per cent of cases Anomalies hoped that this would supply the answer to many 

additional to the classical four are not uncommon questions that exercise the mind of the surgeon 

and may compel an exploratory thoracotomy before before operating, such as the calibre and condition 

a decision can be .made as to which side is the better of the vessel wall, the extent of coarctation, and the 

surgical approach condition of the aorta beyond the constriction 

Blalock (1946, 1947, and 1948) advocates that the Thoracoscopy can be done on the table as a pre 

approach be made on the side of the innominate liminary to immediate operation, or it can be done 

artery, and points out that if the aortic arch is some days previously 

right-sided, the innominate artery is located on the The following cases illustrate the use of this 
left side There is, however, as he states, a wide technique, the limitations and possibilities of which 
variation in the arteries arising from the aorta, and are still being investigated 
in some cases all four arteries have arisen indepen- 
dently from the aortic arch, there being no Case 1 A puny but intelligent girl aged 7, was 
innominate artery at all In 1947 he suggested deeply cyanosed with gross parrot-beaked clubbing 

the more extensive use of visualisation of the heart of fingers and toes Clinically she appeared to be 

and great vessels by the injection of radio-opaque a case of dextrocardia with Fallot s tetralogy 

substances, but even this method leaves unsolved On X-ray examination there was a pulsating shadow 

many questions that can only be answered projecting from the heart on its left side and behind 
after the vessels have been examined by direct it This shadow was provisionally interpreted as 
visl0n an enlarged auricle, possibly due to patent inter- 

These difficulties were brought home to us in the auricular septum Angiocardiography indicated 
recent case of a boy of 14 on whom we operated, that the ascending and transverse portions of the 
with Fallot’s tetralogy and a complete right-sided aortic arch and about one inch of the descending 
aorta Following Blalock’s suggestion that in aorta were on the right side Barium swallow 
such cases the innominate subclavian was more showed no notching of the oesophagus to suggest 
likely to he found in the left hemithorax, a left a vessel crossing behind (Williams, 1947) 
thoracotomy was performed The aortic arch was A left-sided pneumothorax was induced with 
found to be high in the mediastinum, with the sub- 300 ml of air The next day a thoracoscope (G U 

clavian coming directly from its upper medial aspect type 9 mm diameter) was inserted in the 6th left 

There was a gap of about an inch between the aortic interspace near the angle of the rib, the patient 

arch and the hypoplastic pulmonary artery, but it lying on her right side The lung was lying on the 

proved impossible to bridge this by the short avail- mediastinum but could be pushed out of the way 
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with the thoracoscope to reveal a “ pulsating 
tumour” behind, the tumour was pink, smooth, 

, retropleural and its pulsations were expansile, it 
emerged from the mediastinum and descended 
alongside the spine to disappear behind the lurjg 
It was in fact the aorta which had crossed over the 
spine from the right side The subclavian artery was 
concealed by the lung as it lay on the mediastinum 

Case 2 A Msutu boy, aged 3, suffered from 
coarctation of the aorta He had had four episodes 
of left ventricular failure with triple rhythm, an 
alternating pulse (10 mm of mercury) and moist 
sounds m the lungs, but when admitted his general 
condition was fairly good and failure had cleared 
apart from some rales in the left lung Both caro- 
tids were pulsating vigorously, and the apex beat 
was in the sixth left interspace in the anterior axillary 
line The femoral pulses could not be felt A 
systolic murmur was heard over the third left 
interspace just lateral to the sternum The blood 
pressure was 110/90 in the left arm and 170/120 
in the right There was some retarded development 
of the buttocks and legs 

X-ray examination confirmed the enlargement of 
the left ventricle and showed a normal aortic 
knuckle, but also slight enlargement of the right 
ventricle There was notching of the nbs on the 
right side though not on the left The following 
suggestions were made to account for his right 
ventricular enlargement 

(a) A patent interventricular septum, but the 
murmur was atypical 

(b) A co-existing patent ductus arteriosus with- 
out the characteristic machinery murmur In view 
of the child s age it was difficult to dismiss this 
possibility, which would imply that the coarctation 
was infantile in type with a wider area of stenosis 
than usual This was supported by the absence of 
notching of the left ribs 

(c) The four previous attacks of left-sided heart 
failure had resulted in hypertrophy of the right 
'cntnclc The pulmonary vascular X-ray shadows 
"crc noted to be heavy 

Induction of a pneumothorax followed by screen- 
ing and, if necessary thoracoscopy presented itself 
as the simplest means of deciding, and was performed 
°n the left side with 500 ml of air Screening 
showed that the lung was partially collapsed and, 
wuh the child vertical, was falling away from the 
mediastinum The aortic knuckle pulsated vigor- 
^ Ul sccrncc * t0 ^ cut short about the middle 
o the arch Three days later a thoracoscope was 
inserted in the 4th left interspace between the 
papular border and the spine the patient lying on 

,s right side Because the lung ovcrlav the 


mediastinum the patient was then turned on his 
left side, and the table tilted into a moderate 
counter-Trendelenburg position The view now 
obtained through a right angle vision telescope had 
completely changed the lung had fallen outwards, 
downwards and forwards, putting the pulmonary 
hilus on a slight stretch (Fig 1) The aortic arch 
was well exposed as it emerged from under the 
thymus, and the descending aorta could be viewed 
from above for a considerable part of its length 
towards the diaphragm A tight coarctation was 
identified involving the root of a very small sub- 
clavian artery and extending for about 1 cm out- 
wards The descending aorta was pulsating less 
than the arch above the coarctation, and there was 
less discrepancy between the calibre of the aorta 
distal and proximal to the coarctation than had 
been expected Several large upper intercostal 
vessels were seen, and also a large internal mammary 
artery The vasa vasorum on the descending arch 
just distal to the constriction were dilated A good 
view of the surface of the lung hilus was obtained 
No ductus arteriosus was visible nor fold of pleura 
raised by a ligamentum artenosum The lung and 
descending aorta appeared normal After with- 
drawing the telescope air was sucked out of the chest 
and the wound closed with a stitch The child slept 
for six hours following this procedure but next day 
developed a consolidation of the middle lobe of 
the right lung, from which he made an uneventful 
recovery However, at operation one month later 
he died after the chest was opened and before the 
coarctation was excised The heart stopped beating 
and could not be made to contract again Post- 
mortem the heart weighed 1 21 grams, showing marked 
hypertrophy of the left ventricle and, to a less degree, 
of the right ventricle There was no patent ductus 
arteriosus The coarctation was confirmed at the 
level of the root of the atresic subclavian arterv 
Microscopic examination showed extensive pen- 
vascular fibrosis of the myocardium and intimal 
plaques of calcium in the coronary artenes 

Case 3 A European boy, aged 7, suffered from 
Fallot s tetralogy He had been blue since the age 
of one year and cyanosis was increased by exertion 
He could not run at all fast and after ambling for 
about 30 yards he would squat on his heels 

On examination the veins of the neck were en- 
gorged above the angle of Lewis The fingers were 
clubbed and the nails were cyanosed as was the 
face even when at rest in bed Arterial pulsation 
was visible above the clavicles The apex beat was 
within normal limits, but there was a heaving impulse 
over the pnccordium A systolic murmur was 
present over the whole pnccordium loudest over 
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the second left intercostal space There was no 
enlargement of liver or spleen Blood pressure 
110/90 in both arms The red cell count was 
7,100,000 X-ray examination showed right ven- 
tricular enlargement with the aortic knuckle on the 
left The pulmonary conus was visible but 
diminished on its under side The pulmonary 
vascular shadows were slight, especially towards 
the lung periphery There was right axis deviation 
A right pneumothorax was induced with 400 ml 
of air and a thoracoscope (Coryllos-direct) was in- 
serted into the first right intercostal space in the 
midclavicular line The subclavian artery was well 


difficulty m performing the anastomosis and this 
was confirmed by immediate thoracotomj on the 
right side 

Case 4 A Zulu girl, aged 9, was admitted in 
congestive heart failure No good history could be 
obtained and it was impossible to find out whether 
she had ever suffered from rheumatism or not 
The veins of the neck were engorged and pulsating 
two inches above the angle of Lewis She had 
(Edema of both ankles and an enlarged liver but 
was not unduly breathless when lying in bed, but 
stated she was breathless when on her feet Blood 
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visualized and also a considerable number of 
collateral vessels The subclavian appeared to be 
a large artery and raised a ndge on the mediastinal 
pleura A large innominate vein was seen with a 
vein running from it to communicate with a large 
azygos The pulmonary artery could not be 
identified because of numbers of small engorged 
veins just above the hilus of the lung and the azygos 
vein Although the pulmonary vessels could not be 
seen their position was estimated approximately 
from the level of the hilar pleura The aortic arch 
was viewed travelling towards the left and not 
descending on the right side The appearance of the 
subclavian artery' suggested that there would be no 


pressure 104/60 Pulse regular 144 The apex „ 
beat was in the 5th space just outside the mid ^ 
clavicular line The prrecordium was bulging and . 
a diffuse heaving impulse was visible, with an apical 
systolic thrill There was a harsh systolic murmur 
loudest over the apex but audible over the whole 
prtecordium Jn the 2nd left interspace an inch 
outside the sternal margin, there was also a sound ^ 
that at times seemed to fill the whole diastolic pause, , 
but because of the tachjcardia it was difficult to , 
decide whether th>s was really a machinery murmur „ 
or a third closed sound Phonocardiography did 
not help After a week s treatment with digitalis 
she came out of failure but her pulse rate never came 
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down below 120 X-ray examination and screening 
revealed a mitral-shaped heart, considerably in- 
creased in its transverse diameter Both ventricles 
were enlarged, the right more than the left and 
also the left auricle The aorta appeared to be 
hypoplastic There was some vascular congestion 
of both lung fields but no hilar dance Various 
diagnoses were considered 
Cardiac cathetemation (Dr van Lingen) gave no 
evidence of an mtracardiac vascular shunf The 
catheter point failed to pass into the pulmonary 
valve and appeared to be washed back from it, 
which was regarded as evidence of pulmonary in- 
competence However, in spite of the atypical 
X-ray and blood pressure we decided, m view of the 


child developed acute nephritis and operation has 
had to be deferred Her heart rate is slower and 
the murmur is now typically machinery in character 

Case 5 A European boy, aged 9, was sent in 
as a case of coarctation of the aorta The blood 
pressure in both arms was 150/120 and his femoral 
pulses could not be felt His condition was 
complicated by petit mal He was otherwise a 
bright and normal boy It was decided to control 
the petit mal with phenobarbitone before operating 
and to perform thoracoscopj with the idea of not 
only viewing the coarctation but of assessing any 
change in the condition of the aorta that might occur 
subsequently 


ARCHofAORTA 



\ery suggestive murmur, to attempt to exclude a 
patent ductus by means of thoracoscopy Accord- 
ingly, a left pneumothorax was induced and a 
thoracoscope introduced by a posterior approach 
in the 4th left interspace close to the scapula with the 
child lying on her left side This gave a good view 
of the hilus, and showed a large vessel underneath 
the aortic arch in close contact with it (Fig 2) It 
was, however, difficult at the time to establish 
whether this was a patent ductus or the pulmonarx 
-irteiy Its apparent origin from the anterior 
surface of the aortic arch strongl> suggested a 
ductus and in the light of further experience we are 
now convinced thnt this was so Meanwhile the 


A left pneumothorax was induced with 400 ml 
of air and the thoracoscope was inserted imme- 
diately, using the anterior approach m the 2nd left 
interspace in the midclavicular line An excellent 
view was obtained with the direct and also with the 
right-angled telescope The coarctation was seen 
to be about a quarter of an inch long and slightly 
less in its outside diameter The transverse aortic 
arch was dilated Dilated subclavian and internal 
mammarv arteries were clearlv visible (Fig 3) 
Unexpected!} a patent ductus arteriosus was seen 
arising close to the beginning of the coarctation 
clearlv separated from the pulmonarv artcrv b> a 
gap and having a Ivmph gland overJving it A small 
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vascular leash crossed over the ductus artenosus 
The vagus nerve, flanked by small arteries, hooked 
underneath and disappeared behind the hilus 
The objective lens of the telescope could be brought 
into contact with the duct and its impulse with no 
thrill was easily felt on the shank of the thoracoscope 
This manoeuvre caused some discomfort to the 
patient The ductus was wide and appeared to 
dilate aneurysmally with each pulsation This 
patient is now awaiting operation, which seems 
imperative owing to risk of rupture of his aorta. 


enlargement, no thrill A soft machinery murmur 
was heard in the 2nd left intercostal space audible 
also at the vertebral border of left scapula in ">nd 
and 3rd interspaces Blood pressure 150/60 
Femoral pulse easily palpable 
A left pneumothorax was induced with 600 ml 
of air The thoracoscope was introduced imme- 
diately through an anterior approach in the 2nd left 
intercostal space in the midciawcufar line A ver\ 
blue pulsatile pulmonary artery was seen with an 
almost orange coloured ductus arteriosus rising 



Fig 3 — Case 5 The aortic arch seen from the front and above The proximal aorta was greatly 
dilated and overlay the beginning of the coarctation The vagus and its accompanying small 
vessels were more visible than usual 


the proximal part of which is very dilated The 
ductus arteriosus will be ligated at the same time 
At the moment he is undergoing treatment to control 
bis epilepsy 

Case 6 A woman, aged 21, noticed no symp 
toms as a child, but a c machinery murmur was 
heard at the age of 9, and for this reason she was 
refused life assurance a few months ago For the 
past three years she has been listless, tired, breath- 
less on exercise, and dizzy on bending She is due 
to get married shortly 

On examination, slight pulsation in the neck and 
second left intercostal space, no clinical cardiac 


from the antero inferior aspect of the aortic arch 
(Fig 4) Pulsation of the ductus was less than 
that of the pulmonary artery A small arterial 
leash was visible on the surface of the ductus with 
two small lymphatic glands along side The aorta 
appeared to be somewhat angulatcd just proximal 
to the ductus but was otherwise normal Operation 
performed on the following day confirmed these 
findings but, in addition rescaled a very slight 
indentation of the aorta just proximal to the ductus 
at the site ssherc an infantile coarctation occurs A 
very marked systolic thrill was palpable in the 
ascending arch up to the site of the constriction 
B\ auscultation before and after ligation and 
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division of the ductus we both confirmed the dis- 
appearance of the murmur after ligation Two 
days after operation it had returned, and this was 
confirmed when seen again one month later 

Case 1 A European male, aged 19, complained 
of slight blueness and dyspnoea, both aggravated by 
exercise, occasional slight giddiness on exercise, and 
some palpitation His mother noted cyanosis at 
birth, aggravated by crying He had been difficult 
to rear, but had suffered from the usual children’s 


marked in the lips, tip of nose, lobes of ears, lingers, 
and toes Eyes suffused and marked clubbing of 
fingers No venous engorgement in the neck 
Blood pressure, right arm 125/60, left arm 115/60 
No abnormality or evidence of congestion found m 
the lungs Apex beat forcible and diffuse within 
the mid-clavicular line and m the 5th and 6th 
intercostal spaces At the base of the heart there 
was a mild thrill with a loud systolic murmur in the 
second left space this murmur was localized, but 
a softer systolic murmur was heard over the rest of 
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on SUBCLAVIAN ARTERY 



Fig 4 — Case 6 Aortic arch and lung root seen from the front and above 
The arch is more acutely angled than usual 


diseases, including whooping cough, without trouble 
Walking was delayed until after the third year No 
other members of the family suffered from congenital 
defects, his mother had been healthy during 
pregnancy and the labour had been normal 
Although early growth was retarded his height 
■s 5 ft 11 in and weight 1 17 lb His present activity 
is restricted to walking on the flat without hurrying 
Cyanosis, which is minimal at rest, becomes pro- 
nounced on moderate exercise and during extremes 
of weather Squatting is not marked, but he 
adopts a knee-chest position for comfort when 
fatigued The parents think he has improved during 
recent years and arc interested in the possibility of a 
Bhlock-Taussig operation 
On examination, slight generalized cyanosis more 
2r* 


the prcecordium The second sound was closed and 
much accentuated in the 2nd left intercostal space 
Radioscopy showed some cardiac enlargement pre- 
dominantly right ventricular, although the left 
ventricle was also enlarged to a lesser degree The 
aorta pulsated vigorously In the antero-posterior 
view the pulmonary conus was slightly prominent 
and not concave, but the left oblique view suggested 
that the pulmonary artery was small Despite the 
prominence of the lung markings no pulsation was 
seen A barium swallow showed the aorta to arch 
downwards on the left side The X-ray evidence 
favoured Fallot s tetralogy with a good collateral 
circulation through a patent ductus or bronchial 
arteries, it did not suggest Eisenmenger’s complex 
Venous catheterization of the heart (Dr van Lingen) 
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demonstrated the ventricular septal defect by passing 
the catheter through it, and analysis of blood sam- 
ples suggested a right to left shunt An over- 
riding aorta was demonstrated with reasonable 
certainty by the fact that the oxygen content of the 
left ventricular blood was higher than that from 
femoral artery puncture Failure to record pres- 
sures in the pulmonary artery or to obtain equal 
systolic pressures in the aorta and right ventricle 
precluded differentiation between Fallot’s tetralogy 
and an Eisenmenger complex The final diagnosis 


colour and slightly tortuous, which entered the 
hilum as a network and almost hid the pulmonary 
artery A few enlarged vessels were to be seen on 
the lung surface In the angle between the sub- 
clavian artery and the curve of the arch another and 
thicker plexus of dark vessels was seen, presumably 
collaterals of the intercostal arteries dipping under 
the arch to enter the hilum The vessels on the 
surface of the aortic arch numbered about 25, 
extending from the ascending aorta over to the 
descending, many more than would be expected from 


AORTA 


VAGUS 



tetralogy with a possible patent ductus 
“ 3^1 =1-I.t,0. .0 .h= by 

pressure in the jwl ^ thdr ^vn under direct 

needle mtrodu ^ pneumothorax was m- 
thoracoscopic vision P ^ the thoracoS cope 

traduced ™ th 4C J ™ lnt erspace in the midclavicular 

inserted in the 2 nd lettimeispa of 4 y t0 the 

line, the P atl ^J ^‘"Lh was immediately seen, 
honzontal The ture (F .g 5) being 

S«y by — S " blue .» 


broncmai arieru» <uuu^ 

from the enlarged internal mammary artery 
The pulmonary artery was small, and through 
another cannula, about an inch lateral to the -first 
a long needle was inserted into its small exposed 
part The systolic pressure, read on a salinc-atratc 
manometer, registered 20 cm above the manubrium 
(normal 25 cm ) On removing the needle only a 
few drops of blood were seen and, when washed 
off with saline, did not reappear Air was aspirated 
from the chest, the cannula removed and the 
wounds closed with one Michels clip » each i N 
untoward effects were noted by the patient nor _h 
any sensations been felt during the needling of 

vessel 
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The thoracoscopic finding confirmed that the 
collateral supply to the lung was good, though not 
provided by a ductus arteriosus It also showed 
that, although the pulmonary artery was small, 
the extensive collaterals were enough to raise its 
pressure even at the hilum to four-fifths of the 
normal, and that it is easier to obtain the pulmonary 
arterial pressure by this method than by cardiac 
catheterization in cases of narrowing of the pul- 
monary infundibulum or valves 
On the reasonable assumption that a similar 
collateral supply was present on both sides of the 
aortic arch, it was thought wiser not to perform 
Blalock s operation on this patient 

Anaesthesia and Technique 
In adults, local anaesthesia is the anaesthetic of 
choice, with omnopon, one-third of a grain, given 
an hour before With suitable doses of omnopon 
the same anaesthesia applies to children down to the 
age of 7 or 8 years Below this age, various types 
of general anaesthesia are used with equal success, 
and we have successfully given intravenous nembutal, 
or cyclopropane and oxygen after a basic narcotic 
of seconal, or ether by the closed method after a 
similar basal narcotic Insufficient narcosis causes 
difficulty from restlessness and irregular movements 
of the chest, as the child is too unconscious to 
co-operate and not deep enough to be quiet Even 
tnlene anaesthesia is fairly satisfactory in spite of 
the rapid breathing if a large enough pneumothorax 
is induced In children of five to eight years, 400 
to 500 ml of air can be introduced without distress 
The procedure of thoracoscopy need not be en- 
larged upon, as its technique is well known, but a 
few special points are worthy of mention The 
pneumothorax is induced in the operating theatre, 
immediately before the operation, unless the lung 
is expected to be adherent, when the induction is 
done under an X-ray screen a day or two before 
If there is widespread adhesion this method of 
investigation must of course be abandoned 
After trying various sites of introduction we have 
found the most satisfactory approach to be the 
anterior, in the second interspace in the mid- 
clavicular line, with the table tilted to an angle of 
about 45° in the counter-Trendelenburg position 
lateral tilt may be added, but is only occasionally 
necessary, if the greater part of the descending 
oracic aorta is to be seen For the visualization 

0 a coarctation or of a patent ductus the direct 
c cscopc encs the best view, this should, however, 
if . S h Upp ' crncnlc< f by the right-angled view, especially 
to ho , ^ Tnus or Ibc internal mammary artery are 

1 Th c subclavian artery in Fallot’s tetra- 
15 better seen with a right-angled telescope but 


the direct telescope should also be available in order 
to obtain as good a three-dimensional idea as pos- 
sible When investigating coarctation, it is as well 
to insert the trocar and cannula as nearly as possible 
in the centre of the intercostal space to avoid both 
an enlarged intercostal artery and its anterior branch 
running along the upper border of the nb below, 
in practice, we have not met with this complication 

Any thoracoscope with direct and right-angled 
telescopes can be used, the 9-mm Gullbnng type 
as modified by the Genito-Unnary Co has been 
very satisfactory, the 7-mm Coryllos type gives a 
smaller field which is its only disadvantage Oxygen 
can be given during the investigation, but is usually 
unnecessary even with cyanotic children, unless a 
very large collapse of the lung has been produced 
The major operation can be proceeded with imme- 
diately, as was done m Case 3, no harm seems to 
have accrued from this, nor is it to be expected 

Discussion 

We believe that thoracoscopy is a useful diag- 
nostic procedure in certain congenital abnormalities 
of the great vessels and may give information that 
cannot be gained by X-ray examination even with 
the use of radio-opaque substances The injection 
of these substances into the basilic vein often gives 
unsatisfactory results and when they are injected into 
the right auricle there is an appreciable risk to the 
patient’s life, which is absent when the alternative 
procedure of thoracoscopy is employed 

As was only to be expected the hilar structures 
cannot always be visualized distinctly but, on the 
other hand, the gap to be bridged between the 
aortic arch and the pulmonary artery can be esti- 
mated fairly accurately This was so m Case 3, 
where the pulmonary vessel was covered by a thick 
network of collateral veins and the artery could not 
be seen, though its position could be assessed with 
reasonable accuracy In patent ductus arteriosus 
our experience indicates that an anterior approach 
gives a better view of the anatomy than a posterior 
and, while we would hesitate to claim that m cases 
in which no ductus can be seen its existence is 
excluded, we would emphasize that when a patent 
ductus is visualized it is unmistakeable 

In Case 4, the posterior approach was used and, 
although a structure was seen originating from the 
anterior aspect of the aortic arch the limited field 
of vision made it impossible to be certain that we 
were not looking at the pulmonary artery itself 
In the light of our later experiences with Cases 5 
and 6 we now feel convinced that this was a patent 
ductus 

In childhood before the typical machinery murmur 
of patent ductus has developed there seems to be 
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some value in thoracoscopy to differentiate it 
from other conditions, especially auricular septal 
defect This difficulty was noted by Taussig (1947) 
who stated “ in infancy there is nothing in this age 
group to differentiate this murmur from the systolic 
murmur associated with the patent ductus arteriosus 
or one caused by ventricular septal defect ” There 
appears to be a place for thoracoscopy here If 
the ductus is short it is more difficult to see than if 
it is long, and a “ keyhole ” ductus is almost cer- 
tainly invisible 

The arch of the aorta can be viewed clearly and in 
coarctation the constriction can be seen and its 
extent estimated, one can also make sure that the 
calibre of the vessel distal to the coarctation is such 
that it can be anastomosed to the proximal segment 
These items of information are difficult and usually 
impossible to obtain by X-ray methods and angio- 
graphy Crafoord (1945) reported two cases that 
were found inoperable at thoracotomy, and others 
have undoubtedly occurred 

Blalock (1946 and 1948) stipulates that a low 
pressure must be found in the pulmonary arteries 
before his operation is indicated In doubtful cases 
in which a catheter cannot be passed through the 
pulmonary valve a thoracotomy is necessary to 
obtain this reading As is demonstrated in Case 7 
it may be possible to insert a needle into the pul- 
monary artery under view through the thoracoscope 
and thus obtain the pressure reading This may 
not always be possible owing to anatomical varia- 


tions but we claim that if thoracoscopy is practised 
as a routine investigation in these cases some thora 
cotomies may be obviated 

It is not always easy to diagnose the condition or 
double aortic arch or to differentiate the various 
types of anomaly involved Sweet et nl (1947) 
describe a case in which the aortic arch was thought 
to be right sided, with a left-sided arch compressing 
the trachea, a left thoracotomy showed that the 
major arch was m fact left sided, but passed behind 
the oesophagus into the right thoracic cavity, where 
it was joined by a small right arch which produced 
the compression A subsequent right thoracotomy 
enabled them to divide the right arch and effect a 
cure Preliminary thoracoscopy in this type of case 
would enable a more accurate diagnosis to be made 
before operation, though here the procedure would 
have to be bilateral 

Conclusions 

The technique of thoracoscopy as an aid to diag- 
nosing certain congenital cardiac conditions has been 
discussed 

Seven cases are described in which this procedure 
was employed The scope and limitations of this 
method have been briefly discussed 

We wish to thank Professor G A Elliott Witwalcrs- 
rand University, for permission to publish Case 7 and 
Dr S Selby, Coronation Hospital for Case 2 

We are indebted to Dr J L Lovibond for much help 
ful criticism, and to Miss D M Barber for the drawings 
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PROCEEDINGS OF THE BRITISH CARDIAC SOCIETY 


The Thirteenth Annual General Meeting 
was held at Newcastle, Co Down, Northern 
Ireland, on Thursday, June 2, 1949 
Chairman S Boyd Cambell 
The Chairman took the Chair at 10 a m , 74 
members and 17 visitors were present 

Private Business 

1 The minutes of the last Annual Meeting, having 

been published in the Journal (10, 293, 1948), 
were taken as read and confirmed 

2 The balance sheet for 1948—49 was presented, 

having been audited and found correct by 
Bedford and Maurice Campbell The credit 
balance on April 30, 1949, was £85 18s 5 d 

3 Lovibond and Bruce Perry were elected members 

of the Council m place of Brown and Cotton 
(terms of office expired) 

4 Fraser arid Hope Gosse were elected Extra- 

Ordinary Members 

5 The following Associate Members were elected 

as Ordinary Members 

D R Cameron, W J Cooke, R J Duthie, 
Frances Gardner, G W Hayward 

6 The following new Associate Members were 

elected 

J Benn, Bristol 
W W Brigden, London 
T H Crozier, Belfast 
R Daley, London 
Courtenay Evans, London 
C J Gavey, London 
G A Kiloh, Chester 
R Kauntze, London 
A Leatham, London 
J W Litchfield, London 
D C Muir, Hull 


D A Robertson, London 
A J Thomas, Cardiff 
B G Wells, London 

7 The following Associate Members were elected 

for a further period of three years 

R Kempthome C G Parsons 

D Lewes W K Stewart 

C Papp W Stokes 

8 The following alteration was made in Rule 22 

“ The subscription shall be fixed by the Council 
and shall not exceed two pounds a year for 
Ordinary Members and one pound for 

Associate Members, it shall become payable 
on the 1st day of March Failure to pay 
the subscription due within two years shall 
be considered equivalent to resignation ” 

9 It was decided that an Autumn Meeting should be 

held m 1949 and that the Council should deter- 
mine the date and the place of the meeting 

10 A memorandum by the Honorary Secretary on 
the International Council of Cardiology was 
considered It was agreed that it should be 
left to the Council of the Cardiac Society to 
nominate a delegate and a deputy to the pro- 
jected meeting of delegates to be held m Pans 
m 1950 It was agreed, at the suggestion of 
Bain, that there should be adequate representa- 
tion of the Bntish Commonwealth at the meet- 
ing of delegates 

1 1 A recent meeting of delegates to form a European 
Society of Cardiology was reported and some 
observations on this were made by the delegate 
of the Bntish Cardiac Society, Evan Bedford 
At the suggestion of Chamberlain, the Council 
w as asked to consider whether or not the 
German Cardiac Society should be allowed to 
join the European Society of Cardiology 


Discussion on Rheumatic Heart Disease 

Opening speakers matic fever, at times too sw'eeping deductions are 

1 'thology of Rheumatism made from the rather scanty data refemng to juienile 

ih\ Put3,lc h calt h A C Ste\enson rheumatism and its sequalae Certain limits can 

(i Dk r ’ atho, °Sy J H Biggart not safely be passed in interpreting the mortality 

') Rheumatic Heart in Pregnancy figures of the Registrar General relating to acute 

ill S'"? lca ^ as P cct s Robert Marshall rheumatic finer and heart disease Moreo\er, 

) Pathology Florence McKeown little information is asailable from the School 

. „ _ Medical Serwce and from notifications and planned 

furth tev l s; son ( introduced ) There is need for enquiries pursued o\er a long period from rheu- 

r i umination of the epidemiology of rheu- matism clinics seem likely to be the most fruitful 
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source of information Some figures are available 
relating to patients attending the clinic at the Royal 
Belfast Hospital for Sick Children 
Hypotheses concerning the relationship of strepto- 
coccal infections to juvenile rheumatism are based 
on scanty data The conception of rheumatic 
fever as the end stage of a post-streptococcal state 
is interesting and attractive but does not appear to 
be based on much recorded observation The 
evidence of familial susceptibility, as advanced 
most convincingly m recent years by Dr May 
Wilson, of Cornell, has not received sufficient 
attention and even if the proposition of hereditary 
transmission of susceptibility by a single autosomal 
recessive gene is difficult to support, there is over- 
whelming evidence of some inherited susceptibility 


J H Biggart ( introduced) In spite of much 
research, the aitiology of rheumatic fever remains 
undiscovered Theories involve the streptococcus 
pyogenes, streptococcus vindans, a specific strepto- 
coccus, or viruses, but the evidence necessary to 
establish any one of these is still lacking The work 
of the German School has produced the theory of an 
allergic mechanism as the responsible factor 
Difficulties arise in accepting such an allergic 
hypothesis — the granulomatous character of the 
essential lesion, the limitations of its distribution to 
the cardiovascular system, the specific sites for its 
occurrence, and its specific life-history In addition 
to such purely morphological reasons for challenging 
the allergic hypothesis, there is the clinical suggestion 
of the importance of upper respiratory infection 
as a precursor of the rheumatic attack 
Study of the lesions produced m the rabbit by 
serum hypersensitivity shows that many of these 
difficulties can be overcome The granulomatous 
lesion, the specific distribution, etc , are duplicated 
in the experimental animal It is therefore suggested 

that no matter what the setiological agent of rheu- 
matic fever it produces the specific histological 
picture through an allergic mechanism 


Robert Marshall ( introduced) In spite of the 
steady fall in maternal mortality during the past 
15 years, heart disease was actually gaming a more 
prominent position as a cause of maternal deaths 
During the quinquennium 1943-47, 743 women m 
England, Wales, Scotland, and Northern Ireland 
have died from heart diseases associated with 
pregnancy and childbirth The commonest lesion 
was mitral stenosis, a fact bome out by the figures 
collected by Kenneth Hudson from the Royal 
Maternity Hospital, Belfast, where in the years 
1937-48 there were 24,078 total admissions, with 


an incidence of 1 8 per cent of heart disease, and a 
maternal death rate from this cause of 5 8 per cent, 
this compares with MacRae’s findings m Queen 
Charlotte s Hospital, where the incidence was 
0 8 per cent and the maternal death rate 3 1 per cent 
among 29,713 admissions In Belfast 76 per cent 
of the deaths were emergency admissions, and 50 per 
cent occurred in connection with the patients first 
pregnancy These figures are comparable with those 
of Bramwell and Longson in Manchester, Carr and 
Hamilton in Boston, and Watson in New York 
The atiological factor was rheumatic fever in 
40 per cent of cases, and chorea in 12 per cent A 
history of “ ambulatory ” pams was given in 15 per 
cent, but 22 had no history of relative disease 
Mitral stenosis was diagnosed in 85 per cent of 
cases It is of great importance to search carefully 
for this lesion during the ante natal examinations, 
in order to eliminate admission to hospital of patients 
as “ emergencies ” with a high risk of death As 
MacRae has stated, changes in the heart and circula 
tion in pregnancy may cause breathlessness and 
palpitation, even m healthy patients, thus the 
cardinal signs of early congestive failure are rendered 
the more difficult to assess Perhaps the most 
useful clinical hint is given by determining what 
number of pillows the patient requires at night 
If signs of congestive failure arc suspected during 
pregnancy, the patient should be admitted to hospital 
for a period of rest and observation, and all heart 
cases should be admitted at least a week before the 
date of expected confinement While Caesarean 
section might still be advisable for cardiac, as well 
as obstetric, reasons, the practice of induction of 
labour for cardiological reasons has fallen into 
disrepute among obstetricians 
A senes of 150 hospital inpatients during the 
years 1942-1946 has been reviewed Of these, 

8 are known to have died, and 36 have not 
yet been traced for various reasons Of the first 
100 patients reviewed, the ictiological factors and 
cardiac lesions corresponded closely with the larger 
senes Forty patients had been aware of cardiac 
symptoms dunng their first pregnancy, but 34 
had developed such symptoms during their first 
pregnancy Of these, 20 had sutTcrcd from rheu- 
matism or chorea, but 14 had had no reason to fear 
heart disease, which was an additional argument for 
careful search for evidence of mitral stenosis at all 
ante natal examinations Five women had expressed 
the opinion that their health was better than before 
their confinements, 42 were thought to be unchanged, 
but 53 considered that their health had been impaired 
by pregnancy and parturition It has to be 
remembered that it is not enough to nurse ones 
patient with mitral stenosis until her bab> is safely 
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bom, but that child-bearing is a prelude and a part 
of child-rearing 

Florence McKeown ( introduced) A post- 
mortem analysis is presented of 9 cases of rheumatic 
heart disease complicating pregnancy In 3 of these 
the strain of pregnancy was the apparent cause of 
decompensation The mechanism of heart failure 
m these cases is debatable, but stress must be laid 
on the lesions of the coronary arteries which result 
from previous attacks of rheumatic carditis and 
appear to play an important part in lowering the 
cardiac resene 


In the remaining 6 cases a recrudescence of 
rheumatic fever, which was usually sub-clinical, was 
responsible for decompensation Sub-chmcal rheu- 
matism is of importance in relation to pregnancy', 
but only by routine post-mortem examinations, 
which should include histological study of many 
blocks of the heart, can the occurrence of such 
attacks be recognized 

The opening papers were followed by a discussion 
to which contributions were made by B ram well, 
East, Gilchrist, Schlesinger, Bain, Abrahamson, and 
Crozier 


Short Communications 


Ventricular Septal Defect in Early 
Childhood 


By A Rae Gilchrist and Robert Marquis 
( introduced) 


Although an isolated defect of the ventricular 
septum is recognized as one of the less serious con- 
genital malformations of the heart, autopsy reports 
suggest that such a lesion is more frequently 
responsible for death in early childhood than is 
generally appreciated Of Maude Abbott’s 50 
c ases, 21 died at five years of age or under In 1 10 
consecutive cases of congenital heart disease coming 
to autopsy at under three years of age in the Edin- 
burgh Royal Hospital for Sick Children, a defect of 
the \entncular septum, without other gross mal- 
formation of the heart, was found in approximately 
25 per cent In this group the predominant cause 
of death was an associated respiratory infection, 
hut in a small proportion the death was primarily 
due to heart failure 


It is suggested that the differential diagnosis of 
congenital heart disease in young children must 
include the isolated ventricular septal defect, even 
"hen the disability is gross In support of this 
contention 4 cases are presented They conform to 
a general pattern of which the principal features are 
under development from an early age, an absence of 
cyanosis, a liability to respiratory infections, and a 
tendency to congestive heart failure The heart is 
enlarged, a loud systolic murmur is maximal up the 
c 1 sternal margin, and the pulmonary second sound 
a a< ^ cnluated The electrocardiographic tracings 
rc , l * arrc 13111 suggest hypertrophy of both right 
n eft ventricles Radiological examination con- 
lrms this enlargement and shows the pulmonary 

cr > to be enlarged and the hilar shadows to be 
Prominent 


Autopsv findings are given m two of the cases 


presented Both show defects of the ventricular 
septum, in one the defect replaces the membranous 
septum, in the other the anterior part of the muscular 
septum is also involved The pulmonary artery is 
larger than the aorta and there is right and left 
ventricular hypertrophy in both specimens Other 
changes are minimal 

Apical Diastolic Murmurs in Persistent 
Patency of the Ductus Arteriosus 
By Frances Gardner and M Zoob 
{introduced) 

A diastolic murmur was audible at the cardiac 
apex in 9 patients with patent ductus arteriosus and 
was recorded phonocardiographically In 5 patients 
the murmur could not be distinguished from the 
diastolic component of the Gibson murmur In 
4 a mid-diastolic murmur, resembling that of mitral 
stenosis was present, and in two of these the 
mid-diastohc murmur disappeared after ligation of 
the ductus, and in a third autopsy showed no stenosis 
of the mitral valve 

Phonocardiographic evidence suggested that the 
murmur did not represent transmission of the Gibson 
murmur to the apex It was found that the maxi- 
mum intensity of the Gibson murmur corresponded 
with the period of relative quiet between the second 
sound and the mid-diastohc murmur Furthermore, 
it was found that respiration produced opposite 
effects on the two murmurs The mid-diastohc 
murmur was increased during inspiration This 
would be expected if it were dependent upon flow 
through the mitral valve The Gibson murmur was 
diminished during inspiration 

It is concluded that the murmur belongs to the 
group of functional mid-diastohc murmurs and that 
it is not necessarily evidence of mitral stenosis in the 
presence of patent ductm arteriosus 


PROCEEDINGS OF THE 


An Apparatus for Intermittent Venous 
Occlusion 

By J Shillingford (introduced) 

Over ten years have elapsed since Collens and 
Wiilensky described their results of the treatment of 
peripheral vascular disease by intermittent venous 
occlusion They showed that this method of treat- 
ment was capable of relieving pain, healing ulcers, 
and increasing walking capacity 

Since this time somewhat conflicting reports 
have been received as to the value of this method, 
but there seems little doubt that, clinically, a pro- 
portion of patients with peripheral vascular disease 
are greatly benefited by continued intermittent 
venous occlusion 

To date, there has not been generally available a 
simple, and portable, machine suitable for hospital 
and home use An apparatus, which will shortly 
become generally available, has been designed and 
is now demonstrated It is small m size, portable, 
silent in operation, with few moving parts, and can 
be worked by the patient himself with the minimum 
of instruction Any convenient electric light point 
can be used as its source of power 

Diagnostic Problems in Congenital Cyanotic 
Heart Disease 

By Violet Breakey ( introduced ) 

Two cases illustrating diagnostic problems m 
congenital cyanotic heart disease were discussed in 
detail 

(1) pure pulmonary stenosis, and 

(2) pulmonary tuberculosis occurring in associa- 

tion with the tetralogy of Fallot 

The first case at autopsy showed a stenosis of the 
pulmonary valve with intact ventricular septum and 
widely patent foramen ovale The significant 
clinical features distinguishing the case from the 
classical tetralogy of Fallot appeared to be 

(1) The age of onset of cyanosis was much later, 
le not until five years, 

(2) dyspnoea was out of proportion to cyanosis, 

but attention was drawn to the fact that 
there were some patients with the tetralogy 
of Fallot who maintain a relatively high 
arterial oxygen at rest but rapidly become 
anoxasmic on the slightest exertion, 

(3) cyanosis appeared to vary even more than 
m the usual tetralogy of Fallot, and 

(4) the cardiac contour was strikingly different, 
with notable fullness of the pulmonary’ 
artery and of the right auricle However, 
there was not the gross right ventricular 
enlargement that might be expected 


TTie choice of surgical procedure in such cases 
with a tissue-paper thin pulmonary artery was an 
important matter 

The importance of lung shadows in congenital 
cyanotic heart disease was mentioned Rokitansky 
stated in 1866 that pulmonary tuberculosis and 
pulmonary stenosis were incompatible Howeicr, 
textbooks continued to teach that phthisis was a 
common cause of death in pulmonary stenosis, 
presumably arguing from the false premise that 
pulmonary tuberculosis was rarely seen in the 
vascular lung of mitral stenosis It seemed now, 
however, that pulmonary tuberculosis was in fact 
exceedingly rare in the presence of pulmonary 
stenosis In the second case a low pulmonary blood 
flow consequent on pulmonary stenosis resulted in 
an unusual picture — a relative absence of toxicity 
and progression during 12 months in spite of wide 
spread infiltration 

Cardiac Catheterization in Congenital 
Heart Disease 
By G J Aitxen 

The author presented tables illustrating the 
results obtained from cardiac catheterization in 
20 cases of congenital heart disease The findings 
agreed with those reported in other scries Parti 
cular reference was made to the relative proportion 
of successful catheterizations of the various cardiac 
chambers An unusual course was not infrequent, 
the most common being into the coronary \cnous 
sinus and middle cardiac vein Such courses were 
described 

Complications and technical difficulties were 
discussed With one exception, venous spasm had 
been easily controlled Abnormalities of rhythm 
V'ere noted in 9 cases In 8 this took the form of 
isolated extrasystoles occurring during tntracardiac 
manipulation of the catheter In the remaining one 
catheterization initiated a paroxysm of auricular 
fibrillation, which was terminated by qumidinc 
when early signs of acute congestive failure appeared 
Venous thrombosis, apart from a little about the 
point of entry of the catheter, has not been cn 
countered In one patient who died of congestive 
cardiac failure 14 days after catheterization, no 
evidence of intravascular trauma was detected 

Technical difficulties have been few and wholly 
concerned with the catheter It has blocked on 
three occasions One catheter was so flexible that 
control of the tip was not found possible The outer 
plastic covering of another, apparently sound on 
introduction split completely round its circum- 
ference within the lumen of the peripheral vein, 
during intracardiac manipulation of the Up by rota- 
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tion of the butt externally Angled terminal open- 
ings in a set of catheters made withdrawal of blood 
from any venous radicle capricious Specially 
ground adaptors have had to be made for some 
catheters to ensure an air-tight junction between the 
catheter and the syringe 

With suitable catheters and average shill, no 
technical difficulty need be anticipated in performing 
cardiac catheterization An occasional failure is to 
be expected from a persistently abnormal catheter 
course The danger of precipitation of a cardiac 
arrhythmia is real 


Cardiac Infarction with Pain Confined to 
Effort 

By A Morgan Jones and E J Wade 

The authors have reviewed 98 consecutive cases 
of angina of effort Eight have died or can not be 
traced, 90 have been re-interviewed to ascertain 
whether there has ever been any clinical episode 
suggestive of infarction In 62 cases the pain was 
typical in every respect of angina of effort, being 
confined to exertion, invariably relieved by rest, and 
never lasting more than 1 5 minutes Unless there 
was unequivocal evidence of infarction in the routine 
electrocardiograms, a full electrocardiographic in- 
vestigation was made, including standard leads, 
unipolar limb leads, 6 unipolar praecordial leads, 
at, d 6 high unipolar praecordial leads Infarction 
was diagnosed when two of the following changes 
'vere present in leads facing ventricular muscle 
1 ) typical QRS changes, (2) S-T changes, (3) T 
wa\e changes not explicable by ventricular enlarge- 
ment T wave changes alone were not accepted as 
Proof of infarction 

In the 62 selected cases typical changes of cardiac 
narction were present in 17 (28 per cent), and 
normal electrocardiograms suggestive of mfarc- 
on were found in 12 (19 per cent) Abnormal 
r ■ograms, not suggestive of infarction, were 
(45 Cnt ln ^ (8 per cent), and in 28 cases 

hmit^H Cen ^ car< ^ 1 °E rarn was within normal 


Coron AR y Attacks in General Practice 
By C Papp 

at,ac ^ 1S a clinical term for persist! 
at r«i* P j ln ’ last,n 8 half an hour or more, ansu 

" d “"responsive to tnmtnn 

and tre i' j C r Cn P allents m general pract 
accordin Cd ° r coronar y attacks were investigate 
•oms and kP Gravity °f the clinical syrr 
were b ! 00d sedimentation rate (B S R ), tl 
c into three groups, of slight, modern 


and severe coronary attacks Electrocardiography 
was used for diagnosis but disregarded for assess- 
ment It confirmed recent myocardial ischaemia 
m 20, and was inconclusive m 5, no records were 
obtained in 2 patients who died early 

Slight coronary attack 12 cases, no death, 7 
confirmed, 5 unconfirmed by electrocardiogram, 
this latter group includes 4 with severe hyperten- 
sion (3 women) and one with Buerger’s disease 
Pam was moderate, and relieved by single injection 
of morphia gr and rarely recurred The fall 
of blood pressure was short-lived and slight 
Pyrexia was present only in a few The BSR. 
was either normal from the onset or went back to 
normal within a fortnight Shock and pulmonary 
congestion were absent and so were cardiac signs 
except for occasional ectopic rhythm during the 
attack 

Moderate coronary attack 5 cases, none fatal, 
and all confirmed by electrocardiogram Pain was 
severe, and repeated injections of morphia were 
often required (total amount gr -J— i) Pain often 
recurred in a slighter form after the attack Shock 
was slight or moderate, always relieved by morphia 
and never lasting longer than the pam Blood 
pressure might fall considerably and return to 
normal only after a fortnight or more Pyrexia 
was present for a few days BSR was back to 
normal at the end of three to four weeks Cardiac 
and pulmonary signs were absent 

Severe coronary attack 1 0 cases , of these 7 died 
Pam was often m three phases The mam attack 
was preceded by a slight coronary attack, often m 
the form of short and repeated attacks of angina at 
rest, responding to tnnitrm Rest m bed did not 
prevent the second phase, the mam attack, which was 
characterized by extreme pam or by pain of 24 to 
48 hours’ duration This was relieved by intra- 
venous and subcutaneous morphia (total amount 
gr i-1 with added atropme) The third phase, 
consisting of further attacks requiring morphia, 
often followed and was fatal in 3 Shock, severe 
and protracted (fatal in 4), was the leading symptom 
in this group, it produced fall of blood pressure to 
dangerous levels and permanent lowering in those 
who recovered, it was also responsible for pul- 
monary congestion and the high incidence of heart 
failure (5 cases) Pyrexia was high after shock had 
subsided The return to normal of the BSR was 
delayed by pulmonary complications Cardiac 
signs such as persistently high pulse rate, triple 
rhythm, and apical systolic murmurs were pre- 
cursors of congestive heart failure Death was due 
to shock (4 cases), congestive heart failure (1 case), 
pulmonary embolus (1 case probable) and to coro- 
nary attack during sleep (1 case probable) Death 
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from shock occurred within hours, from congestive 
heart failure within months, or from further coro- 
nary attack at any time, the last could not be fore- 
told by the electrocardiograph 

Electrocardiographic signs were in broad agree- 
ment with clinical signs In slight and moderate 
coronary attacks temporary or definite inversion of 
T in one or more leads was found In severe 
coronary attacks, current of injury, Q waves, and 
later deep inversion of T were the promment features 
In a few discordant cases, clinical signs proved of 
greater prognostic value than the electrocardiogram 

Treatment was adapted to gravity Slight and 
moderate coronary attacks required symptomatic 
treatment only Rest in bed was reduced to two 
weeks in the slight and to three or foiir weeks m 
the moderate group, accordmg to the return to 
normal of the B S R Angina of effort was not 
provoked by the shorter rest and could not be pre- 
vented by extension of rest The prognosis in 
slight and moderate coronary attack was favourable, 
and 16 out of 17 patients were active in profession, 
business, or household In severe coronary 
attacks shock needed active treatment, oxygen 
tent might be life-saving and anti-coagulant treat- 
ment was a necessity, particularly if pulmonary 
complications were present Dicoumarol was not 
used because of its dangers, heparin was safe with- 
out laboratory control Intravenous theophylhne- 
ethylene-diamme combined with ouabaine or oral 
digitalis was used at the first signs of failure 
Recovery from a severe coronary attack was un- 
common over the age of 60, those who survived in 
this series were of the younger age group, and only 
one of the three recovered without residual cardiac 
damage 

The Radiology of Heart Failure Due to 
Cardiac Infarction 

By Frederick Jackson ( introduced) 

Teleradiograms were taken before and after 
treatment m 8 cases of heart failure following cardiac 
infarction without hypertension In 4 the heart 
was only slightly enlarged during failure In 
the other 4 it was moderately enlarged, but 
returned almost to normal size with treatment in 2 , 
hydropcncardium was suspected in these and 
confirmed once at necropsy The enlargement 
persisted m the other 2 cases 

The special features of this variety of failure are 
these It may occur in a heart that is almost 
normal in size During failure the heart usually 
enlarges, but not greatly, and it may scarcely enlarge 
at all With treatment the heart may return very 
nearly to normal size The enlargement may be due 


to hydropencardium, as was shown once post 
mortem Raising of the diaphragm, pulmonary 
congestion, and hydrothorax are usual They may 
develop or largely disappear in as short a time as one 
week, but generally take longer 

Non-rheumatic Interstitial Mi ocardihs 
By Florence McKeown ( introduced) 

The incidence of interstitial myocarditis has been 
investigated m routine post-mortem material It 
was found to be present in 2 per cent of cases 
There was a tendency for it to occur in association 
with certain infections with some frequency, and 
it has been observed m pneumonia, meningococcal 
septicemia, diphtheria, and miliary tuberculosis 

The author discussed its relative importance in 
these conditions A further group of isolated 
myocarditis was included, in which it was impossible 
to establish a correlation with any existing in fection 

Some Characteristics of Instruments Designed 
for Recording Electrocardiograms and 
Heart Sounds 

By A Morgan Jones and M G Saunders 
( introduced) 

The determination and importance of the range of 
frequency response and of the duration of the time 
constant m electrocardiographs and cardiophono- 
graphs were discussed and illustrated by the charac- 
teristics of certain commercial recorders 

The Phonocardiogram of Aortic Stenosis 
By A Leatham 

Aortic stenosis produces a murmur of charac- 
teristic shape in the phonocardiogram both in the 
aortic and in the mitral areas It ofien starts late 
in relation to the electrocardiogram and finishes 
well before the second sound, but sounds have high- 
frequency components simulating murmurs and it 
may be difficult to tell where one ceases and the other 
begins In each of 20 subjects with aortic stenosis 
but without evidence of mitral valvular disease, the 
systolic murmur was small at its onset and rose to a 
peak in mid systole, then diminished in size until it 
was small or absent at the second sound Though 
the mid-systolic accentuation was greatest in the 
aomc area it was always present in the mitral area 
In most cases the second sound was followed by an 
early diastolic murmur 

In mitral valvular disease the systolic murmur was 
earlier and reached the second sound, there was no 
sharp mid systolic accentuation 
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In a group of some 20 cases of pulmonary stenosis 
there was also a mid-systolic accentuation, but it 
was seldom so great as m aortic stenosis and the 
murmur usually reached the second sound 
The phonocardiogram of aortic stenosis may 
prove of value m clinical diagnosis when the systolic 
murmur is loud at the apex The shape described 
was found in all cases of aortic stenosis so far 
examined and was different from the shape in mitral 
valvular disease Whether it is truly distinctive or 
whether it may be simulated in some other condition 
remains to be determined 

Examination of the Heart at Necropsy 
By J Shtlungford ( introduced) 

A closer examination of the heart at necropsy than 


the one usually earned out has been developed at 
the London Hospital dunng the past year 

The coronary artenes are injected with a radio- 
opaque substance, and an apparatus has been 
designed to facilitate this technique as a routine 
method of examination The correlation between 
filling defects as shown on the X-ray and artenal 
lesions has been studied 

Cardiac chamber volume has been measured by 
means of wax casts, and a simple method of making 
these has been found Hypertrophy of the muscle 
wall is shown by multiple measurements and a 
standard for normals has been established 

For the most part, the examination has been 
developed to correlate autopsy findings with those 
m life as shown by the multiple chest lead 
electrocardiogram 
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Asymptomatic Heart Disease Observations Made during 
the Early Recruiting Period for Nary and Marine 
Enlistments. A S Hyman A trier J Med 5 
351-364, Sept , 1948 

Of 1900 boys and men examined before enlistment in 
the Navy or Manne Corps and referred to a cardio- 
vascular specialist 350 were found to be suffering from 
some form of asymptomatic cardiovascular disease, as 
regards which the history was entirely negative The 
ages varied between 17 and 51, average 26, the smallest 
age groups were those of 47, 49, 50, and 51 years with 
3 cases each Valvular heart disease was found in 169 
(mitral insufficiency 93, mitral stenosis 41, aortic in 
competence 22, aortic stenosis % congenital lesions 4), 
and hypertension in 89 ( systolic pressure 150 to 
170mm Hg.,58, 170tol90mm ,25 190to210mm , 5, 
210 to 220 mm 1) It is emphasized that high blood 
pressure may develop without giving rise to any 
symptoms and that pathological signs start to develop 
with pressures exceeding 170 mm Hg Arrhythmias were 
present in 55 (ventricular extrasystoles 18 auricular 6, 
nodal 2, and bifocal 1 , tachycardia of or exceeding 1 10, 
19, auricular fibrillation 6, complete heart block 2, 
and incomplete heart block 1) Cardiac hypertrophy 
was found in 26, of whom 22 had engaged m athletics 
(15 in more than moderate degree) This was the most 
common single factor found in this group Premature 
arterial changes were found in 11 Only those m the 
group with premature contractions and 4 amongst the 
26 with cardiac hypertrophy were accepted for service 
The explanation for the absence of symptoms in these 
conditions in the examined group is discussed 


only to fall again in most cases after expulsion of the 
placenta Diastolic pressure was highest in older 
women and in more rapid labours When labour was 
prolonged there was usually a sharp rise soon after 
expulsion of the foetus 

Changes in the character of the pulse are described 
The work of the heart was also studied by the use of 
Lihenstrand coefficient The cardiovascular system was 
Dot subjected to undue stress in either the first or the 
second stage, the greatest burden being placed on it after 
expulsion of the foetus by the sudden alteration in intra 
abdominal pressure S S B Gilder 

An Analysis of Certain Factors Associated with the 
Production of Experimental Dissection of the Aortic 
Media, in Relation to the Pathogenesis of Dissecting 
Aneurysm J S Rodertson and K V Smith J 
Path Bact 60, 43-49, Jan , 1948 

The pressure required to produce experimental dis 
section of the aorta by forcing water through a needie 
into the media was measured in 42 adults of different 
ages and both sexes Jn all cases this pressure was far 
higher than the blood pressure even in severe hyper- 
tension These results (which were well analysed statistic- 
ally) support the view that aortic dissection only occurs 
in cases of marked medial degeneration 

D M Prjce 

Thrombosis as a Factor in the Pathogenesis of Aortic 
Atherosclerosis J B Duguid J Path Bact 60 
57-61, Jan , 1948 


A Schott 

Arterial Blood Pressure in Labour and the Puerpenum 
D Y Daron A lush Gtnel , No 5, 10-13, 1948 

The variations in the blood pressure during normal 
labour were studied m 45 women Systolic pressure in 
37 at the beginning of labour was between 105 and 125 
mm Hg .'varying in the remainder from 130 to 155 mm 
During the first stage systolic pressure tended to be 
higher m pnmiparee and younger women During the 
second stage, contrary to expectaUon, systolic pressure 
changed little, save in rapid labours In most cases the 
systolic pressure rose in the third stage (in 30 by 15 mm , 
in 7 by 20 to 40 mm), this rise was most marked in 
rapid labours and in younger women After placental 
expulsion, systolic pressure returned in 36 forthwith to 
normal, return being slower after longer labours 

Diastolic pressure in 35 women exceeded 70 mm Hg 
at the onset of labour During the second stage in most 
cases it either rose by 10 to 20 mm or remained un- 
changed During the third stage it rose still further, 


Recent thrombotic deposits were found in the aorta in 
19 of 50 cases post mortem Whilst most frequent 
over atheromatous ulcers of older subjects they were also 
found m association with early atheromatous streaks and 
even where the wall appeared normal Often the deposits 
were superimposed on earlier deposits Transitional 
appearances indicated that the deposits were gradually 
transformed into intimal thickenings which would 
ordinarily have been regarded as purely arteriosclerotic 
The author has previously shown the importance of this 
process in the coronary arteries D 3/ Price 

The Application of Oximetry and Cardiac Catheterization 
to the Diagnosis of Congenital Heart Disease H B 
Burcheix J Iona med Soc , 38 364-368 Aug 
J948 

The diagnosis of congenita! heart disease by the tradi 
tional methods is notoriously difficult Apart from 
those cases with such typical features as the murmurs 
of a patent ductus arteriosus and the tremendous pulsa 
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tions of the hilar vessels in atrial septal defect, so-called 
pathognomonic signs are rare The author describes 
the use of the cardiac catheter together with a photo- 
electric oximeter in the investigation of these cases 
The oximeter permits recognition of degrees of unsatura- 
tion of arterial blood with oxygen which are insufficient 
to cause recognizable cyanosis In Fallot s tetralogy 
the degree of pulmonary stenosis may be estimated by 
the extent of the fall m arterial oxygen saturation during 
exercise In the most severe cases this may fall as low 
as 20% Those patients who cannot maintain an arterial 
saturation of at least 70% at complete rest are in a very 
precarious condition 

Catheterization of the heart involves accurate radio- 
logical studies of (1) the position of the catheter tip 
together with observations on (2) intracardiac pressure, 
and (3) variations in oxygen saturation of the blood in 
the various positions Without all these it is impossible 
to decide the exact location of the catheter tip within the 
heart owing to the great deviations from normal pressures 
which may take place in the presence of complex con- 
genital defects The oximeter may be used for rapid 
determination of oxygen saturation of any sample of 
blood withdrawn through the catheter Pressures 
within the heart are recorded with sufficient accuracy for 
clinical purposes by means of strain-gauge manometers 
The recognition of an atrial septal defect is one of the 
easiest examples of the use of this method Its presence 
may be determined by the ease of passage of the catheter 
through the defect into the left auricle or pulmonary 
veins and also by the finding of artenahzed blood in the 
right atrium Similarly, artenalization of blood m the 
pulmonary artery is practically diagnostic of patent 
ductus arteriosus High right intraventricular pressures 
with normal pulmonary artery pressures are always 
suggestive of pulmonary stenosis The author points 
out that the calculations used by Bing for the assessment 
of pulmonary blood flow and other factors need further 
critical re-e valuation on account of various inaccuracies 
which may arise in the techniques used He also points 
out that the clinical features of the various congenital 
lesions ohen permit of diagnosis with fair certainty, and 
car lac catheterization is of most value in atypical cases 
Angiocardiography is also of immense value in the study 
of such problem cases j McMlchael 


Hoarseness In Heart Disease J L Thompson and A 

1948 IST1N Ann m ' ern Med 29 259 ~ 273 ’ A ug 

\ 

The autbers v, crc able t0 find onIy 3Q reported ^ 
ouch recurrent laryngeal nerve palsy associated wit 
Ddata'tirm'rfr tv, necropsy findings were recorder 
of thTnenf,n hC pu,r ^? nar > artcr >’ was the prime caus 

m which Oie sni U ° , ^ 1Cy dcscnbc 2 rases ° r their ow 
Thr l, 1 ^, lm " al com P ,aln t was hoarseness 
I he literature is reviewed at some length and th 
various explanations of the ituologx are mven It ha 

^enMa'^ ,ha ; ^ of he£t an 

^auon ?s n , P >S, V S 50 '"fluent that the; 

uncmb ned ? , C ? madcnlal ™ny cases remai 
unexplained In mitral stenosis paralysis of the nerx 


has been found ten times as often as in hospital patients 
m general, and, were the association coincidental, the 
right and the left nerve ought to be equally affected 
No case is recorded of paralysis of the right nerve alone 
and where both nerves were held to be affected there has 
been no necropsy Attempts have been made to link 
the paralysis with the presence of the hgamentum 
artenosum as it passes backwards from the left pul- 
monary artery to the aorta, but the evidence is con- 
tradictory In most of the cases studied pulmonary 
artery dilatation was a common factor, but the fact 
remains that while such dilatation is frequent, associated 
laryngeal nerve paralysis is rare 

Case I is illustrated by a skiagram of the right oblique 
view with barium filled oesophagus, photomicrographs, 
and photographs of the dissection In these photo- 
graphs the anatomical relations of the various parts are 
seen with clarity In Case II the angiocardiograms are 
reproduced with explanatory diagrams Donald Hall 


The Effect of Exercise on the Electrocardiogram [Master 
“Two-step” Test] in the Diagnosis of Coronary 
Insufficiency D Unterman and A C DeGraff 
Amer J med Sci , 215, 671-685, June, 1948 

A standard two-step exercise test (Master Amer J med 
Set 1929, 177, 223) was used and electrocardiograms 
(leads I, n, in, and CF4) were taken as quickly as possible 
afterwards The criteria for a positive test, which were 
adopted as more marked than the changes seen in 31 
normal controls, were as follows (1) A depression of the 
RS-T junction of more than 1 mm in the standard leads 
or more than 0 75 mm m CF4 thus lead being standard- 
ized at half the usual sensitivity (2) Conversion of an' 
upright T wave to an isoelectric or inverted T wave in 
leads I, II, or CF4 or of a diphasic or inverted T to 
upright 

The test was tried in 91 patients with various forms of 
heart disease, with positive results in 31 Positive results 
were obtained in 48% of patients with typical angina, 
24% of those with atypical symptoms and in 28% 
of those without pain Ten patients experienced anginal 
pain during the exercise and in 7 of these the test was 
positive The influence of food, digitalis, and recent 
acute illness is also considered 

[The control group in this senes consisted of younger 
patients than those with heart disease The patients 
with heart disease are classified on an stiological basis 
only, so that the possible influence of cardiac enlargement 
or failure cannot be determined ] J W Litchfield 


The Immediate Sequelae of Myocardial Infarction 
Their Relation to the Prognosis A Selzer Amer 
J med Sci , 216, 172-178 Aug. 1948 

A study of 130 cases of recent myocardial infarction 
coming to necropsy was made in an effort to determine 
the immediate cause of death In 35 the patient was 
previously so ill that the myocardial infarction might be 
regarded as a terminal event In the other 95 there was 
little hmitauon of activities before the infarction These 
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patients were divisible into four groups In the first, 
consisting of 28 patients, death was due to progressive 
circulatory fadure, with or without shock The 24 
patients in the second group died suddenly 24 hours or 
more after the infarction and presumably from a fatal 
arrhythmia. In the third group were 32 patients who 
died as the result of some complication demonstrable 
at necropsy— rupture of the ventricle (8), embolic pheno- 
mena (15), the other complications were not directly 
connected with the infarction The remaining 1 1 patients 
died of miscellaneous causes — recurrent coronary 
occlusion (5), prolonged illness for which no cause could 
be found (4), and possibly digitalis poisoning (2) No 
correlation was found between 'the age of the patient, 
the seventy of coronary arteriosclerosis, the size of the 
infarct, the presence of old scars or cardiac hypertrophy, 
the course and duration of the illness or the frequency 
of complications Thus, a considerable number of 
patients with myocardial infarction die, not from cardiac 
insufficiency, but from senous arrhythmias, thrombo- 
embolic phenomena, and shock C Bruce Perry 


Electrocardiographic Changes in Diphtheria S S 

Altshuler, K M Hoffman and P J Fitzgerald 

Ann intern. Med , 29, 294-305, Aug , 1948 

This is a study of 600 patients m the American Occupied 
Zone of Germany between September, 1945, and 
December, 1946 All the cases reported were confirmed 
bactenologically 26 being examples of cutaneous diph- 
theria The average age of the patients was 23 years 
and 37 were females An electrocardiogram was taken as 
soon as diphtheria was suspected clinically or a positive 
culture obtained, thereafter weekly or more often if 
thought necessary Those with severe or prolonged 
cardiographic changes were invariably returned to the 
USA for convalescence The period of observation 
for patients with cardiographic changes varied between 
8 and 23 weeks 

Of the 600 patients 143 (24%) presented cardiographic 
changes at some time during their stay in hospital 
By far the most common abnormality was low voltage 
or negativity of the T wave in two or more leads (108 
cases), next in frequency, but far behind, was prolonga- 
tion of the P-R interval (1 1 cases) and depression of ST 
segments in two or more leads (10 cases) All cardio- 
grams were checked independently and no borderline 
curves were included Of the T wave changes 30 involved 
leads II and III, 28 all four leads, and 25 leads J, II, and 
III Slight slurring and splintering of the QRS segment 
were common, but significant prolongation was seen only 
m the 2 patients with right bundle branch block Low 
voltage of QRS in all leads was present in 3 patients only 
Electrocardiographic changes were met with for the first 
time after the fourth week only m 5 of the 600 patients 
examined [The authors state that patients with per- 
sistent abnormalities in all leads usually had manifested 
clinically severe infections but m the summary seventy 
of clinical infection and seventy and duration of electro- 
cardiographic changes in diphtheria cannot be cor- 
related ] It is pointed out that this study does not 


support the view that prolongation of the P-R interval 
is the most common abnormality in diphtheria. 

The two patients with heart block had been treated 
for haemolytic streptococcal sore throat and discharged 
completely asymptomatic, to duty within the week 
One was readmitted in 6 days the other in 8 both m 
cardiovascular collapse In the 2 fatal cases T waves 
were negative in all leads In 4 patients phasic after- 
nafion between normal and abnormal electrocardio- 
grams was found 

The paper is well illustrated by serial cardiograms 
and the authors consider that in diphtheria alike in 
the acute stage and in convalescence the electrocardio- 
gram is essential to the evaluation of the physical state 
of the patient Donald Hall 


Dlctunarol in Experimental Myocardial Infarction 

G V LeRoy and L A Nalefsu J Lab din Med 

33, 961-971, Aug., 1948 

At first dicoumarol was used only for patients who had 
already experienced thrombo-embolic complications of 
cardiac infarction— either repeated episodes of multiple 
thrombosis in different areas of the coronary tree or 
repeated phenomena elsewhere, for example, in the lungs 
Later it was given purely prophylactically against such 
complications 

The incidence of thrombo-embolic complications in 
recent myocardial infarction is difficult to determine as 
the data are conflicting the figures given by different 
authors vary from 9 9 to 45% Even the incidence of 
mural thrombosis of the endocardium is difficult to 
ascertain, being stated variously as between 17 and 83% 
However, it is evident that lhrombo-embohsm is an 
important complication of myocardial infarction The 
authors state that in all the reports of results or anti 
coagulant therapy there has been an apparently signi 
ficant reduction in the number of thrombo-embolic 
complications and in the general mortality rate, but they 
point out that there has been as yet no report which 
includes suitable controls 

The chief hazard with anticoagulant therapy is the 
development of a himorrhagic state and it is essential 
that treatment be controlled by prothrombin detcrmina 
dons As the early stage of infarction is characterized 
by hyperaemia and hsmorrhage the authors thought it 
possible that the use of anticoagulants might accentuate 
the hemorrhagic stage and thus prolong resolution of 
the mfarct Myocardial infarction was produced in 
25 dogs by ligation of the anterior descending branch of 
the left coronary artery Fifteen were given dicoumarol 
m amounts similar to those used in the treatment of 
patients with recent infarction The animals were 
killed at intervals of 5 to 22 days There were slight 
differences between the control group and the dicoumarol 
treated group but the authors state that there was no 
evidence that the altered coagulability of the blood 
affected the extent or healing of infiirets Serial electro- 
cardiograms showed no significant difference between 
treated animals and controls No deleterious influence 
on healing was demonstrated T Oram 
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